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DEVELOPMENT ROTATIONAL IRRIGATION TAIWAN 


Lee Chow,! ASCE 


SYNOPSIS 


Rotational irrigation, now rapidly replacing the old irrigation practice 
Taiwan, described with special emphasis design and operation such 
irrigation systems. Some background information rotational irrigation ex- 
perimentation and demonstration given. Future improvements made 
and possible research done are also pointed out, 


EARLY CONTINUOUS IRRIGATION PRACTICE 


The irrigation history Taiwan dates back Yuan Dynasty (1277-1367) 
Chinese history. People built canals irrigate the land they The 
population and the farm land than There was need 
the use irrigation water. the origin the irrigation 
practice, 

Rice plantations most common Taiwan. Wherever irrigation water 
adequate, two rice crops aregrown ayear. Before ricetransplanting, the 

field soakedwithwater. For sandy soil the soaking may eliminated. After 

soaking, levelling the ground will done preparation for transplanting. 

During the early growing season, there are two three times each for weed- 

ing and application fertilizer. The growing period the rice crop about 


Note.—Discussion open until February extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE, This paper part 
the copyrighted Journal the Irrigation and Drainage Division, Proceedings the 
American Society Civil Engineers, Vol, 86, No. September, 1960. 

Irrigation Engr., Food and Agric, Organization, N., Kabul, Afghanistan, 
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120 days and that second cropis alittle shorter. Excluding the time weed- 
ing and fertilizer application anda short period before harvesting when water 
applied, irrigation continues for about 100 days. 


FIRST EXPERIMENTS ROTATIONAL IRRIGATION 


While with the Joint Commission Rural Reconstruction (JCRR), the au- 
thor was surprised the low duty irrigation water Taiwan, which aver- 
aged about 400 hectares paddy field per per sec water. This low 
duty encouraged the study the local irrigation method. was found that dur- 
ing 1933-43, extensive experiments had been performed but collective study 
the results had been made. Some experiments were show the in- 
fluence different irrigation methods crop yields. Some were show the 
effect different depths water. Still others were determine the best in- 
terval between irrigations. The experiments were extensive and the results 
were interesting. total 287 tests were studied, which 198 were used 
compare the crop yields continuous versus rotational irrigation methods. 
About one half the cases showed better yields for rotational irrigation. 
the 198 tests, 142 cases showed less than the 
yield the local continuous irrigation practice, showed differences 10% 
showed differences 40% 50%, and showed over 50%. 

The different irrigation intervals varied days. The day in- 
terval, irrigation every days, indicated higher possibility better 
yield than other intervals. 

The different depths irrigation water used inthese tests varied from just 
enough water toprevent the soil from enough water keep the field 
saturated. The intermediate water depths were0.015 0.03 0.036 0.045 
0.06 and 0.09 For further details, the reader referred the Engi- 


neering Series the JCRR.2 From these tests, three conclusions were 
drawn: 


DEMONSTRATION ROTATIONAL IRRIGATION 


Since the result the preceding was made known the govern- 
ment and the people began realize the importance the problem, especially 
under the pressure the over annual increase population. 1954, the 
government established the Rotational Irrigation Promotion Commission 
purposes whichwere promote rotational irrigation and 
and supervise experimental and demonstration farms. Three experimentation 
farms were successively established. each smallarea was set aside 
and subdivided into plots for various irrigation treatments, for example, rota- 
tional irrigation 6-day, 8-day, and 10-day intervals and continuous application. 
Several replications were provided for each different treatment. The amount 
irrigation, precipitation, outflow from surplus rainfall, evaporation, sun- 
shine, etc., were all carefully recorded. There were over demonstration 

far the crop yield concerned, there appreciable difference 
between the two methods; 

most tests decrease water depth for the rotational 
irrigation method; and 

the tests showed awater saving 38.7%, with 26.1% the aver- 
age for the rotational method. 


Versus Continuous Irrigation Methods For Taiwan,” Lee Chow, 
Engrg. Series No, Joint Comm, Rural Reconstruction, 
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farms throughout Taiwan. these demonstration farms, the quantity water, 
though also measured, not very strictly controlled. Thefarms, one hand, 
were show the results rotational irrigation compared with the contin- 
uous practice, and the other hand, exploit actual difficulties when rota- 
tional irrigation put practice large scale. For more detailed 
description the experimentation farms, the readers are referred another 
paper.3 

Records, starting available experimentation and demon- 
stration farms. Although there was some inconsistency results due too 
many varying factors, two points are clearly verified ina great majority 
cases, One that rotational irrigation does give higher yields and the other 
that the amount water saving least 20% 30%, and sometimes 
high 50%. 

Rotational irrigation was put into use for the first time alarge scale and 
its merit was fully recognized the 1954-55 drought when the rivers 
had only 1/3 the ordinary flows. Rotational irrigation had achieved re- 
tional irrigation and had total planted area 195,959 hectares. rotational 
irrigation had not been practised, the transplanted area would have been only 
139,797 hectares, increase 51.7% was achieved rotational irrigation. 

Two important actions were taken the government help enforcement 
rotational irrigation. One was the promulgation irrigation regulation 
February, 1955. This regulation has special reference rotational irrigation. 
The main purpose was legalize involved implementation 
rotational irrigation. This was the first time that irrigation Taiwan had 
regulation. The second was the authorization four-year plan whicha 
total 112,808 hectares paddy field areto provided with new, strength- 
ened with improved, irrigation systems inorder enforce rotational irrigation. 


DESIGN ROTATIONAL IRRIGATION SYSTEM 


Different Methods Rotational Irrigation.— Rotational application water 
may done the following three ways: 


Rotation sections the main canal, 
rotation sections the laterals sublaterals; 
rotation farm ditches. 


case the water will conveyed turn different sections the 
main canal, the main canal divided into three sections, the water will 
conveyed turn the 2nd, and 3rd sections. case rotation sec- 
tions the laterals sublaterals, the main canal will have continuous flow 
while the water will conveyed the various sections laterals sub- 
laterals case rotation farm ditch, the water flow the 
ditch will intermittent while the flow the main, laterals and sublaterals 
will continuous. this case, the whole area divided into rotation areas, 
There may any number rotation areas, The use water rotated the 
subdivisions rotation area, called rotation units. For example, certain 
rotation area divided rotation units, and the rotation interval days, 


“Rotational Evolution Taiwan,” Lee Chow, Newsletter Inter- 
Rice Comm., N., March, 1958, 
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each rotation unit will get its share time irrigation application propor- 
tion its area, The sum all application periods the rotation units ina 
rotation area will the rotation interval. 

the afore mentioned three types rotation, experience has shown that 
case the best because type will call for the same capacity for the whole 
main canal, type forthe same capacity for the whole laterals sub- 
laterals, while will capacities and call for larger farm 
ditches. Moreover, can better incorporated into the practice com- 
mon irrigators, which will explained later, than the other types andwill 
not call for enlargement existing canals when used for rotational irrigation. 


Lateral Turnout and measuring device 


* 
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Rotation unit 
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FIG, 1.—ROTATION AREA AND FIG, 2,—DERMINATION 
ROTATION UNIT 


Precast bottom 


Mortar piece 


FIG, 3.—PRECAST CONCRETE SLAB 
FOR LINING 


Rotation Area and Rotation Unit.—In the design rotational irrigation 
system, step todetermine the size and location the rotation areas, 
There nofixed rule for the best The layout should 
topography, existing roads andwater courses, nature soil, andother ground 
features. Experience has shown that the size hectares the average 
good rotation area size. should noted, general, that rotationarea 
should not too large require adischarge the rotation area canal which 
cause erosion. rotation area should not too small 
very small amount flow because, case very long ditch, there would 
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serious difficulty flow shows the general idea how the 
rotation area and the The symbol denotes the turn- 
out structure and the measuring device, “1” denotes division box from which 
water delivered turn rotation units and Division box denotes 
another division box where water isdelivered inturn rotation units and 
the rotation interval and, for the sake simplicity, the rotation 
units are all the same size, would result that all the rotation units will 
have equal share time, that is, day, case discharge fluctuation, the 
irrigation schedule should then changed fit that particular 
there precipitation during irrigation, the schedule also changed save 
water, 

Determination Canal Capacity.— The proper way determine the canal 


capacity start from the lower end and work backwards. The following 
formula has been used: 


which the required discharge per sec, the irrigatedarea 
hectares, the depth water meters required for soaking the field, 
varying from 0,12 the local farming practice, the depth 
water meters for each application, the period soaking the field 
days, the rotation interval days, and the canal conveyance loss 
The water depth varies with the crop, the nature soil, and 
other factors. the schemes, Taiwan, the water depth 
used for each application varied from 0.03 0.06 The rotation interval 
varied from days, with the 6-day interval being most common. The 
soaking period, pg, varies with the soil structure and usually around 
days. For sandy soil, soaking may not required, has been found that 
could shortened less than days, whereby further water saving could 
The rotation interval, after having been determined, 
closely investigated and adjusted, necessary, during irrigation operation. 
the end the rotation interval, there still some water left from pre- 
vious application, the field still wet, would mean that either the depth 
irrigation ought reduced the rotation interval ought lengthened. 
The canal conveyance loss, may assumed first the designer and 
should checked the irrigation operators and modified conform withthe 
actual conveyance loss. 

Fig. shows five rotation areas, The discharges required for each area 
are calculated first using Eq. without the loss factor 1/1-L, The between 
and Dwill times the loss factor, The between and will 


Structures and design the structures ina rotational 
different from that other types irrigation sys- 
tems. items are the hope casting some light 
future improvement, 

Turnout gates, —Either new rotational irrigation remodel- 
ling old systems, turnout gates are the most Without these, 
the water for rotation area cannot regulated controlled. 
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FIG, GATE WITH RECTANGULAR WEIR BELOW 


common remodel the existing systems combining several laterals into 
one. These laterals previously tapped water directly from the main 
any case, each rotation area should provided with turnout gate witha lock- 
ing device, Severalforms lock are being manufactured Taiwan. The best 
one combination lock incorporated the gate hoist. case the combina- 
tion number revealed, the lock can replaced easily. standard turnout 
gate with wedges has been very satisfactorily used, specially for water tight- 
ness. Figs. and show such turnout gates, 

Measurement Device.—In order definitely control and measure the 
flow delivered certain rotation area, measurement device indispens- 
able. Various measurement devices have been used; standard weirs, Parshall 
flumes, adjustable gates and constant-head orifice gates, The last two will 
further explained the following paragraph. Parshall flumes and standard 
weirs have been found very successful. the case Parshall flumes, atten- 
tion should directed the ease reading the staff the stilling well. 
the case the attention should called the following points: 
(1) The distance upstream from the weir the turnout gate should long enough 
produce steady, calm flow but not loolong the opera- 
tors who have walk back and forth between and the weir for ad- 
justing; (2) the air vent pipe required for the weirs without contractions, that 
is, equal width the canal, should large enough produce true free- 
fall water nappe. triangular weir, rectangular weir, and Parshall flumes 
are shown, respectively, Figs. and 

Combination items and C.—Sometimes more convenient use 
combination structure combine the turnout gate and the measurement de- 
vice. Adjustable weir serves turnout well measurement device. 
The lowering the adjustable weir increases the flow and the elevating the 
weir decreases it. Theflow inthe sameway standardweir. 
Constant head orifice another type consists two gates; 
the upper one set with constant head above and below the gate, while the 
lower one used adjust the flow. This constant head orifice sometimes 
more expensive than the turnout and measurement device 
but more convenient The also preferable because 
the little head required, while the adjustable weir type requires much larger 
head, 

Division box.—Division box required facilitate the operation di- 
verting various rotation units. Without division boxes, the operators 
would have plug open farm ditch hand which case the operation 
would cumbersome and time consuming. One drawback the division box 
that usually leaks due too small pressure against the gate. im- 
portant that the contacting surfaces the gate and the grooves extremely 
smooth and true indimensions. Smith, devised adjustable type gate 
which can operated small increments openings. was not used much 
because division boxes used systems seldom require 
partial openings and because itshigher cost. Any improvementon the design 
the division box must economical, simple design, and easy 
These are important because many division boxes are required any rotation 
irrigation system. Fig. shows two such division boxes. 

Lining.—In the rotational irrigation work the past and now under con- 
struction, precast concrete slabs have been used (Fig. 
economical and does away with the difficulty mixing small amounts con- 
crete scattered places and, most important all, renders possible steeper 
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FIG, WEIR 


ROTATIONAL IRRIGATION 


canal side slopes. This specially important where the land value high. 
The thickness the precast slabs Someof the earlier 
slabs were imbedded with galvanized wire but later this was found un- 
necessary. Breakage the slabs andtransportation can reduced 
negligible percentage, handled with care, noted that firm 
earth backing for the slabs absolutely necessary. Various joints shown 
Fig. have been The type Fig. 3(b) proved the best. 
also common practice use precast slabs for the sides and cast the bot- 


tom place. case precast slab bottom, cement mortar should used 
fill the corners shown 3(d). 


OPERATION ROTATIONAL IRRIGATION SYSTEM 


Irrigation Schedule.— Before irrigation started, irrigation schedule 
This schedule will give all the names the water users, the land 
number and area, date and hour their turn use the water, the number 
the turnout gate which releases water the land, etc. case the canal 
carrying smaller quantity water, for example dry year, this schedule 
will have changed, that case, the quantity irrigation water will 
the rotation interval. When the irrigation system has reservoir and the res- 
ervoir, chance, has only partial storage, then the best effective use the 
available water supply can easily planned. This schedule postedand made 
known the water Taiwan, this operation done the irrigation 
associations. There total irrigation associations the re- 
sponsibility operation and maintenance all the irrigation systems. 

Common Irrigators.—In the earlier period practicing the rotational irri- 
gation, the farmers, during their turn applying irrigation water, had come 
out their fields take care diverting water, distributing water, maintain- 
ing ditches, etc. Later southern Taiwan, Chianan Irrigation Associa- 
tion area, there developed practice using common irrigators within rota- 
tion These selected the farmers within the rotation 
area, were hard-working, impartial, honest and familiar with the whole 
For each rotation area hectares, two common irrigators are 
The irrigation the whole area would under their charge. They would see 
that particular lot land needed some adjustment the rotation interval 
the amount irrigation according tothe soilor its appearance, The com- 
mon irrigators may have difficulty first distributing satisfactorily, 
but will not take them long become experienced, 

the practice without the common irrigators, average farmer, farming 
about 0.33 hectares, has out his field about times during onerice 
crop irrigation season about irrigation days. Each time has spend 
about half day. The total man-days for 50-hectare rotation 

0.5 1,125 man-days. used, the total num- 
ber man-days the same area the same period will 180. 
the saving man-power appreciable. more important that 
irrigation jobcanbedone. This explains why the practice common irrigators 
spreading very rapidly Taiwan, naturally reduces the agricultural popu- 


lation. The people whopreviously were engaged agriculture can now help 
industrial other development 
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ROTATIONAL IRRIGATION 


irrigation assistant employed the irrigation association. the man who 
knows the numbers the combination locks and has the responsibility re- 
leasing the proper amount water through each turnout. The division boxes 
are operated irrigation subcommittee the members which are elected 
the farmers, Where there are common irrigators, the division boxes will 
operated the common period each rotation unit 
entitled have the thedivision box operator, Any im- 
proper operation will self checked the farmers Very little 
dispute has been 

Training Operators.—Since 1956, each irrigation association has started 
training classes which graduates from agricultural vocational schools have 
been selected for training. The techniques operating the gates, using and 
reading the various measuring devices, making discharge adjustments, and all 
other operation details are explained and practiced service. 


IMPROVEMENTS MADE 


Closer Capacity Determination.—As already indicated, the canal capacity 
required can more closely determined all the factors the discharge 
formula can better known. Proper water depths and periods for soaking the 
fieldandfor eachapplication would depend close observation the engineers 
canal operation. Actual canal conveyance losses should measured and 
used for releasing adequate amount water. 

Better Operation for More Effective Rainfall.—The higher the effective rain- 
fall, the less the artificial irrigation. Whenever there precipitation, the gates 
the irrigation system should operated reduce the released amount 
water cut out entirely. The importance this can very easily 
realized and appreciated when the irrigation system contains reservoirs 
other storage facilities because the water thus saved can stored for later 
irrigation use. Even where the system without storage facility, the impor- 
increasing the effective rainfall still exist. For example, 
river supplies number system andthe river covers long dis- 
tance and drainsa large basin. Very often the rainfall only covers small 
area. Saving irrigation water the upstream area may help greatly the 
water shortage area. basin-wide development involving 
multiple uses the water resource, the saving irrigation water may 
appreciable help other uses, for example, hydro-electricity generation. 

Joint Research for Irrigation Engineers and .—Rotational irri- 
gation seems have wide field improvement requiring the joint effort 
irrigation engineers and agriculturists. Farming methods, such proper field 
soaking, improvement, and extension common seedling beds, proper irriga- 
tion suit crop physiology, etc., need further research. Common seedling 
beds have been suggested for better control seedtreatment, for better prep- 
aration the beds, and for other farming practice such proper age seed- 
lings for transplantation. Common seedling beds can very well incorporated 
into rotational irrigation practice because the age the seedlings can per- 
fectly controlled fit the irrigation schedule. The cooperation between the 
farmers forming into teams mutually help one another transplanting 
can also better worked out fit the age the seedlings and the irrigation 
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schedule. transplant the seedlings the proper time very important 
rice culture. would very interesting some research program work laid 
out trying devise irrigation pattern conform with the water require- 
ment and water absorption capacity various plants the basis plant 
physiology. Rice has been found the Taiwan Agriculture Experiment Station 
have definite period its growth which the capacity absorb water 
the highest period whichthe rice cropdemands drainage. There 
may exist some special pattern irrigation which would require the least 
amount water and yet would give the highest yield. 
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GEOPHYSICAL PROCEDURES GROUND WATER STUDY 


SYNOPSIS 


Although geophysical methods subsurface exploration were developed 
primarily for, and have been used most extensively by, the petroleum industry, 
many the procedures apply equally well the search for ground water. 
The principles the geophysical methods most useful ground water explo- 
ration and illustrated. addition, new application the elec- 
trical bore-hole logging described which may great importance lo- 
cating leaky zones irrigation canals. 


INTRODUCTION 


Most engineers engaged ground-water investigations have some general 
knowledge geophysical methods. However, many cases, the use poten- 
tially valuable geophysical tools overlooked because what they candoto help 
locate suitable aquifers not generally understood. 

For this reason, the purposes this paper are follows: 


the principles those geophysical methods most use- 
ful ground-water investigations; 


illustrate the use these methods examples; 


Todiscuss geophysics which may have application 
irrigation and drainage problems. 


Note.—Discussion open until February 1,1961. extend the closing date one month, 
written request must filed with the Executive Secretary, This paper part 
the copyrighted Journal the Irrigation and Drainage Division, Proceedings the 
American Society Civil Engineers, Vol. 86, No. September, 
Head, Water Resources and Hydrology Branch, USBR, Denver, 
Head, Geophysics Sect., Geology Branch, Bur. Reclamation, Denver, Colo. 
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Although geophysical exploration was mainly developed, and has been most 
widely used the search for oil, much the knowledge thus gained, and many 
the procedures employed apply equally well the ground-water field. 


THE GEOPHYSICAL METHODS 


The water-well driller has different sets tools with which put down 
holes. may use cable tools rotary rig select rock bit dia- 
mond bit most suitable drilling problem. like manner, the geophysi- 
cist has sets tools exploration procedures with which probe beneath 
the surface. may use one four major geophysical methods—the seismic, 
the electrical, the magnetic, the gravity method—whichever most suitable 
given 

The Seismic Method.—Inthe seismic method, the speed seismic 
waves different subsurface layers measured. The waves are created 
exploding small charges dynamite buried shallow holes. The depth 
these layers and their thickness are also measured and such geophysical data 
can correlated with definite horizons established drilling. know, for 
instance, that seismic waves travel faster consolidated rock than uncon- 
solidated overburden. Therefore, layer which seismic waves travel 
high velocity may bedrock buried channel. Mapping such channel 
seismic measurements, using the “refraction” procedure, may establish where 
water bearing gravel has the greatest thickness and, hence, the best place 
drill. 

The Electrical Method.—Inthe electrical method, most used ground-water 
investigations, direct current sent through the ground between two metal 
stakes. This permits the electrical resistance resistivity earth materi- 
als measured. Resistivity definite characteristic rocks and for- 
mations and makes possible todistinguish different types materials from 
each other. For example, dry gravel has higher resistivity than wet gravel 
and way contrast, clay and silt have very low resistivity. 

the resistivity method, metal stakes, through which the electrical current 
enters the ground, are moved farther and farther apart the course mak- 
ing set measurements. result this movement the current goes 
progressively deeper. this way, the resistivity larger and larger vol- 
ume measured and data are obtained withwhich resistivity 
depth curve. Such measurements have been called “vertical electrical dril- 
ling.” Field results can correlated drill holes and the depth horizons 
determined, related ground water. 

The Magnetic Method.—In the magnetic method, magnetometer used 
measure the vertical component the earth’s magnetic force stations 
area. (The horizontal component the earth’s magnetic field the one which 
causes compass needle point the north.) 

The magnetometer can employed study subsurface conditions because 
the magnetic properties rocks are indicative, many cases, and measur- 
ably affect the earth’s magnetic field. For example, basalt dike almost 
invariably highly magnetic. basalt dike, therefore, can often traced 
magnetic measurements, even though buried, because magnetic force 
maximum points the surface near and just above it. Correlations can 


established drill holes and outcrops guide the interpretation mag- 
netic surveys. 


“Exploration Geophysics,” Jakosky, Times Mirror Press, Los Angeles, 
1940, Revised Edition, Trija Publishing Co., Los Angeles, 
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Ground-water geologists are familiar with the “barrier action” dikes 
which underground water and cause impounded adjacent 
pervious formations. other cases, water may accumulate fractured con- 
tact zones and neighboring impervious beds. The magnetic map- 
ping dikes accepted geophysical tool ground-water exploration. 

The Gravity Method.—In the gravity method, the force gravity meas- 
ured stations traverses with gravity meter. Gravity meter measure- 
ments supply subsurface information because the density layers rocks 
different kinds, and marked contrasts indensity, also affect the force gravi- 
local area. This illustrated the use gravity meter trace 
buried dikes (which possible because the dike rock has high density), which 
causes increase gravity force near the dike. The gravity meter can also 
used show the configuration relatively high density bedrock surface 
along buried channel sedimentary basin. Both these applications 
are useful finding ground water. Correlations gravity measurements can 
made drill holes and outcrops just magnetic surveys. 

General Considerations.—The preceding indicates that all geophysical 
methods have three common characteristics. They require; (1) certain meas- 
urements made the ground surface using special instruments, (2) that 
these measurements relate to, reflect properties of, buried rocks and for- 
mations structural conditions, and (3) that these relationships permit the 
geophysical data interpreted terms subsurface geology. 

That geophysical findings survey should correlated with drilling 
outcrops has been referred to. Such drill hole correlation, which the signi- 
ficance subsurface horizons can verified, lends strength and certainty 
geophysical results. 

Geophysical exploration can defined atype field investigation where 
measurements are made the ground surface with special instruments se- 
cure subsurface geological information. 

Basis Application.—Knowledge the geology area essential 
the understanding the occurrence ground water because geologic struc- 
ture and stratigraphy provide the framework ground water, recharge, 
storage, and discharge take place. Therefore, any process that increases our 
knowledge geologic conditions will help the investigator determine the 
likelihood the occurrence ground water given area. will help him 
determine whether ground water may occur small large quantities, 
whether the ground water sweet saline, and whether the geologic forma- 
tions are likely yield water wells freely. 

Inasmuch the geophysical methods previously described will, under cer- 
tain conditions, contribute better understanding the geology area, 
they are useful tools ground-water investigations. 

The authors not mean imply that geophysical methods may should 
replace other means exploring for ground water. wish bring out that, 
many cases, geophysics canbe used quite advantageously supplement the 
procedures usually employed for such purposes. 


EXAMPLES GEOPHYSICAL INVESTIGATIONS 


There are numerous examples the successful employment geophysical 
methods locating ground water and/or the best place places drill 
order find ground water. These examples are described technical arti- 
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cles scattered through variety publications. specifically illustrate the 
manner which geophysical field investigations were applied particular 
ground-water problems, two examples from investigations made the United 
States Bureau Reclamation, Dept. Interior (USBR) are presented. 

Weber Basin Project.—The Weber Basin Project the USBR now (1960) 
under construction. designed irrigate more than 54,000 acres new 
land and supply supplemental water some 24,000 acres now short water. 
The project area contains the major concentration population the state 
Utah, where municipal and industrial demands for water are growing rapidly. 
Even with the increased water supplied the project works, there cur- 
rently need for additional water. 

The area east the shore the Great Salt Lake underlain anartesian 
basin that extends over some 200 miles. Water from artesian aquifers 
supplies many farmsteads well several cities. certain local areas, 
these aquifers contain slightly brackish water. 

test the ground water possibilities the basin, two wells were drilled 
the USBR 1955, depths 1,220 and 977 ft, respectively, using cable 
tools. was decided explore for deeper aquifers, and, subsequently, 
third well was drilled, using rotary rig, depth 3,006 ft. Prior dril- 
ling it, however, seismic and gravity meter surveys were conducted secure 
information the depth, thickness, and continuity aquifers and the configu- 
ration the basement rock. These surveys were made aid selecting the 
best location for this deep test well. 

Geologic conditions.—The “East Shore Area” which the city Ogden, 
Utah located, bounded the west the Great Salt Lake and the east 
the steep slopes the Wasatch Mountains. These mountains are composed 
formations ranging age from pre-Cambrian the present. The forma- 
tions include metamorphics such gneiss, quartzite, and schist, well 
sedimentaries, such conglomerate, shale, limestone, and tuff. The Weber 
River the principal stream enter the east side the Great Salt Lake. 
flows from the Wasatch Mountains generally westerly direction across 
the area and joined near Ogden its main tributary, the Ogden River. 

past geologic times, the Weber River and other streams have deposited 
eroded material depths several thousands feet the basin ancient 
Lake Bonneville and its remnant, the Great Salt Lake. The highest shore line 
the once extensive Lake Bonneville was elevation about 5,200 ft, and 
the present elevation the Great Salt Lake about 4,200 ft. The steep front 
the Wasatch Mountains shows number remnant shorelines different 
elevations. Broad alluvial benches and terraces extend westward from the 
mountains. 


Geologically, the significant features the area are follows: 


The Wasatch fault, which roughly parallel and just west the 
Wasatch Mountains. 

Little Mountain, pre-Cambrian block that rises few hundred feet 
above the surrounding plain and located about miles west Ogden, and 
near the the Great Salt Lake. 

The section lake basin sediments—several thousand feet thick—de- 
posited the Bonneville-Great Salt Lake Basin. This section contains num- 
erous artesian aquifers. 
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Several hot springs the area support the belief that warm mineralized 
water rises from considerable depth along the (Wasatch) fault zone and one 
source the ground-water contamination, brackish water, referred to. 

Geophysical investigations.—Geophysical investigations were made the 
Weber Basin Project during weeks period the fall 1955. The seismic 
reflection used searching for oil—was employed measure 
the depth sand and clay layers and trace them from point point the 
area, and thus provide subsurface information. set “shallow” seismic 
reflection equipment was loaned the USBR, Dept. Interior (USGS) the 
Geophysics Branch the United States Geological Survey. That organization 
also made available the services experienced geophysicist assist 
starting the work. 

The geophysical investigations were cooperative another respect. the 
time the seismic work was underway, the USGS was conducting gravity meter 
field studies the area. the course these studies, reconnaissance 
gravity meter survey the area was made which the USBR was interested. 
copy this map, which supplied broad picture the slope and configura- 
tion the basement rock the basin, was made available the USBR. 

Seismic reflection method.—The seismic reflection method basically 
marine “echo sounding,” whereby the depth the ocean floor de- 
termined. make echo sounding, the time, seconds, measured for 
pulse energy sent from vibrator the hull ship travel the floor 
the ocean and back vibration detector, which also the ship’s hull. 
convert this reflection time the depth the ocean floor, one-half the 
measured time multiplied the speed with which the vibration travels 
sea water. 

apply the reflection procedure map subsurface horizons, such 
gravel clay layers, one-half the “reflection event” time obtained from 
the seismic record multiplied the speed seismic waves through the 
layers involved. The seismic reflection method illustrated Fig. 
the seismic reflection record, the arrival reflected seismic wave energy 
the geophones shown the sharp down-break trace lines the seismic 
record. Time the reflection event can scaled 0.001 second. 

Seismic field first seismic lines were placed near the two 
deep drill holes put down bythe USBR. The seismic records showed numerous 
reflections from various subsurface horizons. This was significant because 
not known, before the survey was undertaken, the lake sediments would 
yield reflections. 

Early the survey, the speed with which seismic waves travel the lake 
beds was measured inthree deep drill holes value wave ve- 
locity use computing the depths the different reflecting layers. These 
velocity measurements were made lowering special seismic wave detec- 
tor, “geophone,” into the drill hole measured depth and timing the wave 
from explosive charge detonated shallow “shot hole” the surface. 

Correlation reflections and depths sand andclay layers, shown drill 
logs, was studied carefully the beginning the investigation because was 
critical point the usefulness the seismic method this problem. 
was found one drill hole, for example, that twelve reflections were “picked” 
from the seismic records, which came from depths 213 1,130 ft. The 
total depth this drill hole was 1,200 ft. These twelve reflections correlated 
with the logged depths changes from sand clay clay sand, and 
forth. The maximum discrepancy correlation was ft. 
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Correlation reflections.—Study the reflection seismograms and drill 
logs showed that sufficiently close agreement was demonstrated permit 
reflections and/or the beds sand clay which they related, corre- 


lated between seismic stations—or “spreads”—that were from 1/2 1-1/2 
miles apart. 


Uphole phone Low velocity surface 
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(a) EXAMPLE DEPTH CALCULATION 


Time lines 1/100 sec 


Other reflections 


(0.151 sec 0.241 sec 


Refraction event 


Reflection event 


(b) SEISMIC REFLECTION RECORD 


FIG, REFLECTION METHOD 


the course the seismic survey, seventy-four depth determinations and 
three sets drill hole velocity measurements were secured. These depth 
points were established seismic spreads located along traverses which fol- 
lowed section line roads across the area. These traverses permitted reflec- 
tion cross sections drawn which were tied basement rock the out- 
crop and/or deep wells. total over miles exploration traverse 
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was completed. One these reflection cross sections shown Fig. 
The reflection depths the cross section are plotted from ground surface and 
not necessarily relate the scale showing depth feet. 

Deep reflections.—On some the traverses, reflections were observed 
the seismic records that came from depths 4,000 6,000 more. 
These depths were greater than the maximum 3,000 which had been 
possible measure wave velocities directly deep drill holes. determine 
the velocities assumed order compute the depths these lower reflec- 
tors, approximate method, based data from the seismic records them- 
selves, was employed. There was difficulty bringing out and accentuating 
these deep reflections because the instruments were not designed for investi- 
gations such depths. 

the area, reflections were obtained from depths from 100 200 ft, 
less, and including depths several thousand feet, noted. Because 
there was interest mainly the shallow reflections, the equipment employed 
was the type most suited that problem. The survey demonstrated that the 
“shallow reflection” seismic equipment applicable ground-water investi- 
gations artesian basins. was also demonstrated that reflections could 
obtained from the thick section lake basin sediments. 

Gravity meter survey.—Contours the value gravity are shown the 
USGS gravity map, previously referred to, which presented Fig. The 
gravity meter survey outlined the subsurface basin and the configuration and 
the basement rock surface over considerably larger area than could 
have been economically mapped using the seismic equipment. The gravity 
survey indicated that the basement rock surface dips toward the lowest part 
the basin, not only from the east and from the west, but also from the north 
and the south along the axis subsurface trough. were confirmed 
the seismic findings. 

The relation gravity force the depth the basement rock that 
any Station where gravity meter set the gravity measured will re- 
flect the average density the column material from the surface down. 
Since pre-Cambrian rocks the Wasatch Range and Little Mountain are 
higher density than lake basin sediments, gravity meter readings near the 
mountains and inthe vicinity Little Mountains will have Gravity 
meter readings points near the geographic center the structural basin 
will have low values gravity keeping with the thick section light sedi- 
ments below them. 

The contours Fig. are gravity units—relative assumed value 
gravity station. One gravity unit 0.1 milli-dyne force. These 
contours show the so-called anomaly” values. historic inter- 
est that gravity field investigations were not possible until instrument 
the necessary accuracy had been developed, which was about 1900, Hun- 
gary. This instrument was the torsion balance perfected the physicist, 
Baron Roland Von Eotvos. 

USBR deep test well.—A third test well, previously referred to, was drilled 
the USBR depth 3,006 using rotary drilling equipment. was lo- 
cated the basis information supplied the geophysical surveys. 

part the drilling contract, electrical log the hole was specified 
which included; (1) measurements natural electrical 
Potential,” shown the resulting electrical log the “S. Curve,” (2) 
measurements the electrical resistivity formations using various spac- 
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ings the three contact electrodes that were sent down the drill hole, and (3) 
“caliper log” which variations drill hole diameter are measured 
spring-actuated contact points special tool that traverses the drill hole. 
bore hole logging all quantities measured appear separate lines the 
graphic logs obtained. 

Special tests indeep drill hole.—Inthe course drilling test well, 
number potential aquifers from depth 900 the bottom the hole 
were indicated the electrical logs. Since the well was drilled the rotary 
method, noted, was deemed advisable make drill stem tests zones 
identified the most favorable aquifers. Depth points for setting the side- 
wall packers for these tests were selected the basis interpretations 
the caliper and resistivity logs. 

addition, the curve from the electrical log indicated that the water 
the aquifers below 1,400 was questionable quality. The drill stem tests 
enabled secure samples the water from these aquifers for chemical 
analysis. The drill stem tests also provide information on, (1) the static fluid 
pressure the aquifer, (2) reduction pressure with time after discharge 
stopped. Approximate values porosity percent and permeability 
millidarcies were supplied the logging operators, request, for different 
sections the drill hole. These data were determined from the operators’ 
analysis the electrical logs. 

The results the electrical logging and special tests illustrate that meth- 
ods commonly employed oil field practice are also useful and applicable 
ground-water investigations. 


Summary.—As result the geophysical field studies, the following con- 
clusions were reached: 


Reflections from layers various depths within the 1,220 sedi- 
ments drilled one USBR test hole could correlated with sand and/or clay 
layers shown the drill log. Numerous reflections from below 1,220 and 
4,120 suggested that there were 2,900 sediments composed sand, 
gravel, clay layers which were not tested that location. 

Reflections within the 977-ft section drilled another location were 
correlated with logged and known changes material. Numerous reflections 
between depths 977 and 5,310 suggested that about 4,300 section 
that likewise might contain sand, gravel, clay layers were present that 
location. 

Reflection cross sections which the “estimated basement rock line” 
was shown, indicated that the basement rock surface dips east from Little 
Mountain, located west Ogden, and dips west from the Wasatch Mountains. 
Outcrops basement rock these two localities established subsurface 
basin deep trough whose axis runs roughly north-south through the major 
portion the East Shore Area. was concluded from the reflection data that 
the basement rock might much 6,000 deep the bottom the 
trough, which lies some miles west Ogden. 

The gravity meter survey the East Shore Area outlined the artesian 
basin and showed the configuration the basement rock surface some de- 
tail. The gravity meter data effectively supplemented the information secured 
the reflection seismic survey the position the lowest portion the 
basin and the direction its axis. 

The joint use these two geophysical methods was shown advanta- 
geous ground-water investigations such artesian basins. 
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The electrical and caliper logging the deep test hole indicated that 
several aquifers suitable for further testing were present certain depths. 
The logging also suggested the quality the water contained these aquifers 
and supplemented the data obtained from the drilling. Subsequent drill stem 
tests supplied detailed information the aquifers selected for study. 


Resistivity Field Work South Dakota.—Resistivity field investigations 
were carried almost continuously, from the fall 1951, through 1953, 
part ground-water and drainage investigation the vicinity the city 
Huron, South Dakota. The work was the Oahe Unit the Missouri River 
Basin Project the USBR. 

The region, which was studied geological mapping, drilling and resis- 
tivity depth measurements, lies between Huron, the east central part 
South Dakota, and the city Redfield, some miles the north. The area 
investigated was some miles wide and comprised approximately 1,100 
miles. contiguous area north and west Redfield, containing some 900 
miles, was investigated somewhat less extensively. 

The entire regionwas covered various times, past geological ages, 
continental glaciers. When the glaciers retreated for the last time, they left 
mantle glacial drift which varied from inthickness maximum 
300 ft. The Pierre shale, Cretaceous age, lay beneath the drift av- 
erage depth ft, according drill tests. 

The drift, from the surface down, consisted the following; average 
some glacial till which was mainly clay, variable thickness 
sand predominantly sandy material which ranged from 155 ft, and 
clay, till, silt, silty sand, above the shale. The sand bodies carried water 
and might essentially continuous over areas several miles. parts 
the area, the sand zones might also separated layers 
till. yet other localities, the sand might absent. 

The most notable character the glacial drift was its heterogeneity, both 
laterally and vertically. These conditions made exploration drilling difficult 
and costly. Surface geological mapping was not particularly diagnostic sub- 
surface possibilities. The resistivity field work was used supplement core 
drilling and guide outlining the sand This was one the 
main objectives the investigation. 

The resistivity field crew consisted four men who worked under the di- 
rection geologist the Missouri-Oahe Projects Office. During 
period, August, 1953, they completed over 700 resistivity depth meas- 
urements, and, total, over 1,200 such measurements were made. These 
measurements were closely tied the exploration drilling establish and 
check criteria for the interpretation the resistivity depth curves. This pro- 
cedure was continued during the entire investigation. 

was found that the resistivity depth curves would indicate: whether 
sand was present test locality and so, approximately what depths. 
Fig. 4(a) example this condition. The curve Fig. 4(a) shows the 
relatively high resistivity sand; whether sand was present and whether 
the section was all till above the shale, see Fig. 4(b). The curve Fig. 4(b) 
shows the typically low resistivity glacial till; within limits, whether the 
sand was “clean” shown relatively high resistivity; also within limits, 
whether the sand was “dirty” and contained appreciable amounts silt clay 
shown relatively low resistivity; and quite unmistakably the water 
table were below the top the sand body shown Fig. The curve 
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Fig. shows very high resistivity due dry sand above the water table. Note 
the small scale Fig. comparison with that Figs. and 


The resistivity measurements were not considered substitute for, but 
supplement to, drilling. careful study the first five hundred resis- 
tivity depth curves and the logs the sixty-six drill holes that provided spe- 
cific check points, showed that cases, over 88%, the resistivity 
measurements gave results that definitely could correlated with the drill 
logs. For example, where sand was indicated the resistivity curve, sand 
was logged from the drilling and appropriate depths. Where the curve indi- 


cated the section was all till, clay, silt, the drill indicated such material 
was present. 
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FIG, DEPTH CURVES 


thirteen cases, some 12%, the correlation was only fair. The resis- 
tivity depth curve indications were not “clean-cut” between definitely sand 
definitely clay. These were borderline cases. However, they indicated 


clearly that drilling was required learn the true subsurface conditions 
these test points. 
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was also possible todetermine the depth the shale resistivity depth 
measurements. These depths were not required most cases and depth 
curves were, therefore, not interpreted for shale depth. 


NEW DEVELOPMENT FOR DETECTING LEAKAGE CANALS 


The geophysical procedures and their application ground-water investi- 
gations that have been described have followed lines established oil explo- 
ration the search for ore bodies. new development the use electri- 
cal logging canals detect leakage. 

Field trials electrical logging detect probable leaking sections op- 
erating canals were made onthe Central Valley Project, California, October, 
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1958. The procedure employed was adaptation the drill hole electrical 
logging which has been discussed. 

During the trials, some miles were logged selected reaches four 
major canals that were well suited such testing. The work was done under 
the USBR’s Lower-Cost Canal Lining Program contractor who has spec- 
ialized geophysical investigations. How canal logging done 
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illustrated Fig. which voltage electrode and current elec- 
trode. 

Electrical logging permits the continuous measurement and recording 
the electrical resistance (resistivity) materials comprising the bottom 
and/or banks canal. This similar the electrical logging drill 
hole where variations the materials are shown differences measured 
resistivity. 

log water-filled canal, contact was made with the ground four cy- 
lindrical lead electrodes which were placed line measured distances 
apart and laid the bottom the canal. The electrodes were connected 
rubber-covered wire lines leading current source and recording equip- 
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FIG, 6.—ELECTRICAL SEEPAGE SURVEY IRRIGATION CANAL 


ment aninstrument truck. was sent through the ground 
between the outer pair electrodes and the voltage between the inner pair 
was measured the truck moved along the canal bank dragging the string 
electrodes behind it. The electrodes indicated Fig. were dragged along 
the west band the canal just below the surface the water. Variations 
resistivity were shown variations measured voltage the moving pens 
the recorder chart, which unrolled the instrument truck moved forward. 

The spacing the electrodes controlled the depth which the resistivity 
the formations were measured. Logging was done, simultaneously, 2-ft 
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spacing and 10-ft spacing since the recorder had two pens. separate tra- 
verse was required log 4-ft and 20-ft spacings, after changing the elec- 
trodes. 
Drill hole logging shows that different formations and their character can 
identified electrical logs. like manner, seepage locations along 
canal may identified they are markedly different resistivity from ad- 
jacent sections. present, because limited experience, necessary 
correlate very carefully the measured resistivity canal section under 
study with information obtained drilling. 
For example, water lowers the resistivity earth materials. Therefore, 
local zones along canal that show relatively low resistivity, all depths 
logged, might indicate seepage. Interpretation must based knowledge 
geological conditions and the material which the canal constructed. 
This because wet clay, which may water tight, also shows low resis- 
tivity. contrast this, sand and gravel, which show high resistivity 
general, may likewise represent leaky section. 
Results canal logging tests, and that previously noted suggests, are 
preliminary basis. felt, however, those engineers most familiar 
with it, that the electrical logging canals detect seepage has promise 
being effective that end. 
found that the electrical logging canals will indicate leaky zones, 
will very advantageous the operation and maintenance canal sys- 
tems. Main reliance placed ponding tests detect leakage and these 
are quite expensive and require taking the service during the test. 


Geophysical procedures have been developed largely the petroleum field. 
This paper has pointed out that under certain conditions these procedures are 
also applicable the location and utilization ground water. The examples 
presented herein were selected from among twenty-five thirty with which 
the writers are familiar. 
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INSTALLATION DRAIN TILE FOR SUBSURFACE 


John Sutton,! ASCE 


SYNOPSIS 


This paper reports current progress installation tile drains for sub- 
The Soil Conservation Service provided technical assistance 
installation 24,059 miles tile drains during the 1959 fiscal year. The 
paper gives benefits tile drainage, and describes tile used combination 
with surface drainage and current procedures used the Soil Conservation 
Service making drainage investigations. Recent changes the American 
Society Testing Materials specifications for clay andconcrete drain tile are 
Recommendations are given for use concrete tile under acidand 
alkali conditions. Recommendations for gravel filter requirements are given. 


INTRODUCTION 


prior paper,2 the author discussed drainage the humid areas the 
United States. The earlier paper described extent drainage, some histori- 
cal developments, drainage enterprises, programs Federal and state gov- 
ernments which provide assistance, and some the engineering problems. 

Tile drainage systems which are designed provide drainage for agricul- 
tural lands arethe subjectof this paper. Herein, planned cover more 
detail several phases the practice tile drainage where substantial pro- 
gress has been made during the last few years, particularly where current 
practices have adapted research findings and otherwise differ from published 


Note.—Discussion open until February 1961. extend the closing date one month, 
written request must filed with the Executive Secretary, This paper part 
the copyrighted Journal the Irrigation and Drainage Division, Proceedings the 
American Society Civil Engineers, Vol. 86, No, September, 1960, 

Presented the March 1960 ASCE Convention New Orleans, 

Drainage Engr., Soil Conservation Service, U.S. Dept. Agric., Washington, 

“Drainage the Humid Areas the United States,” John Sutton, Transactions 
ASCE, 122, 1957, 115. 
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material generally available. Drainage systems for airports, urban areas and 
special installations are not discussed. 

The Soil Conservation Service the Department Agriculture pro- 
vided technical assistance onthe installation 24,059 miles tile drains dur- 
ing the fiscal year 1959. Tiledrainage essential practice carrying out 
conservation program, because necessary efficient use sub- 
stantial portion productive flat lands whichare least susceptible erosion. 

the humid areas, tile for agricultural lands usually consist either clay 
concrete drain pipe, usually long, laid trenches generally in. 
in. deep. Nearly all the farm-drain laterals are in. in. inside di- 
ameter. Mains diameter, and occasionally larger sizes, are used. 
small gap between the ends the tile. These gaps 
permit water enter the tile. irrigated areas, tile lines are ordinarily 
1/2 deep. Bell-end and tongue and groove pipe are used extensively 
drainage irrigated lands. 

Bituminized fiber pipe used many installations Northeastern states 
and less frequently other Plastic pipe has been used limited 
mounts. Covered drains wood box, metal pipe, and other materials are oc- 
casionally used. 

Tile drains remove gravity water from the soil, stabilize the groundwater 
table, and collect seepage. Underdrainage used most frequently humid 
areas for imperfectly drained soils subject high water table. Such soils 
need permeable enough permit economical spacing 

irrigated areas high water conditions are due most cases seepage 
from reservoirs, canals, laterals, and irrigated lands. Saline and alkali salts 
rise the surface many these areas resulting extensive damages 
crops and land. Most tile installations western irrigated areas are needed 
for reclamation continued use such lands. 

all cases the values the crops grown must increased suffi- 
ciently return net profits pay off the high investment required for 
tile drainage. Some soils are permeable enough that tile drainage not 
needed. Other soils may drained, even though less effectively, surface 
drainage with the result that tile drainage not justified. thorough knowl- 


edge soils and reactions soils and crops after tile drains are installed 
essential. 


BENEFITS AND EFFECTS TILE DRAINAGE 


The tile drainage many wet soils results improved crop yields and 
more profitable farming. The benefits discussed subsequently are obtained 
through drainage conjunction with necessary soil amendments and soil con- 
servation crop 

necessary for favorable bacterial action andin order per- 
mit rapid diffusion the soilair tothe atmosphere andvice Tiledrains 
aid these processes lowering the groundwater usually much in, 
in. within after heavy rain, thereby providing zone aerated soil 
soon after saturation Tile drains stabilize the normal groundwater 
lower level than undrained soil and provide deeper root zone the 
average. 

Freezing, thawing, and droughts influence the development the soil struc- 
ture and soil permeability following installation tile systems. Ina well- 
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drained soil, the gravity water moves downward and outward through tile lines 
instead saturating the being removed slowly evaporation and tran- 
The capillary moisture which utilized roots plants not 

Tile drainage wet soils encourages conservation farming, which gener- 
ally includes the use grasses and deep-rooted legume crops such sweet- 
clover These not thrive wet soils, The roots grass- 
and legumes open pore spaces drained soils and encourage formation 
soil aggregates. Thus, after tile drainage, the permeability tight soils 
improves with conservation farming and good crop rotations. 


soils warm andcanbe cultivated earlier inthe spring 
than wet soils. This benefit tile drainage especially important north- 
ern climates. The date seed germination higher and good stand the 
crop obtained the drained soil. 

deep root zone encourages early development deep-rooted and hardy 
plants, well-drained fields, crops are better able withstand drought due 
the deep root system. Soil amendments and fertilizers are utilized effec- 
tively crops grown well-drained soil. 

The fields can cultivated with less delay after rains and tractor cultiva- 
tion more efficient because the soil dries uniformly and not necessary 
cultivate around wet spots parts fields. Equipment less likely 
mire down. Improved efficiency cultivation one the most important 
benefits tiling. 

arid areas widespread salt damage occurs, due the deposition salts 
near the surface from capillary water rising through the soil. Deep drains 
lower the water table and result downward movement salts the soil. 
This lowers the salt concentration the surface layers soil and improves 
crop growing conditions. 

The improvement public health conditions through proper drainage par- 
ticularly important many locations. Tile drainage has advantage over 


drainage open ditches through elimination standing water where mosqui- 
toes may breed. 


SURFACE DRAINAGE NEEDED WITH TILE SYSTEMS 


The best drainage most frequently obtained combination open and 
closed drains. usually most economical remove surface water from 
tiled fields installing shallow surface ditches constructed grade which 
not interfere with cultivation. Land grading and smoothing which eliminate 
shallow depressions also beneficial. The surface and subsurface drainage 
systems are usually complementary the same area and need planned 
together. 
some soilsthere achoice asto whether tile lines opendrains should 
used provide subsurface drainage. Tile drains save land and result 
cheaper cultivation. Open ditches spaced closely enough control the water 
cut the field into relatively narrow strips and use much Open ditches 
may harbor weeds and are more expensive maintain. the other hand, 
surface drainage systems are cheaper first cost and are the only practical 
solution for some soils. some areas farming may carried out initially 
improving the surface drainage. Later, pays install tile drainage. 
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Research needed determine the increment which yields various 
crops are increased due tile drainage. One example was experiment 
Ohio 1958 where corn yielded 120 bushels per acre tile drained field 
with surface drainage and bushels per acre field not tiled but having 
comparable surface drainage system. 

Research also needed determine the effective use land grading and 
smoothing for drainage used conjunction with tile drainage. Land grading 
for drainage recent years has proven very beneficial. Data are needed 
determine areas where land grading and tile should used together and how 
specifications for the two practices should modified when used together. 
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FIG, SPACING FORMULA 


THEORIES FLOW WATER TILE DRAIN 


Several theories covering the flow water tile drains have been proposed 
recent years. Attention called the excellent discussion this subject 
Schilfgaarde, Kirkham, and Frevert.3 These theories have 
modified the approach the drainage engineer towards the solution many 
tile drainage problems. Considerable progress has been made towards the 
rational design drainage systems using such theories. However, there are 
still many problems solved before fully rational approach drainage 
design established, including field methods determining the effective soil 
permeability. 

Among these formulas the one commonly known the Donnan 
whichis typical. The formula was developed for relief drains and based up- 
certain barrier conditions. This illustrated Fig. The Donnan For- 


and Mathematical Theories Tile and Ditch Drainage and Their Useful- 
ness Design,” Jan van Schilfgaarde, Don Kirkham, and Frevert, Agric., Sta., 
Iowa State College, Research Bulletin No, 436, February, 

and Blaney, (10-yr summary), U.S, Dept. Agric., Soil Conservation SCS- 
TP-120, 1954, 
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mula may expressed follows: 


which spacing the tile lines feet; hydraulic conductivity co- 
efficient permeability expressed gal per per day (Meinzer’s Unit); 
or, in. per in. per usually abbreviated in. per hr; distance from 
the average tiledepth tobarrier stratum the midpoint between the tile lines, 
feet; distance from the average tile depth barrier stratum, feet; 
and quantity water drained expressed gal per per day 
(Meinzer’s Unit) per in. per hr, usually abbreviated, in. per hr. 

Where there barrier stratum barrier should assumed 
depth equal twice the drain depth. 

The units for hydraulic conductivity the coefficient permeability and 
can both expressed gal per per day (Meinzer’s Unit) Eq. 
the values for and can both expressed in. per (cu in. per 
per hr) this formula without changing its validity. 

The Donnan and other formulas require that the average effective permea- 
bility and barrier conditions established field investigations. The hy- 
draulic conductivity the soil varies greatly within short distances many 
soils and costly make adequate number soil profile borings and per- 
meability determinations insure accurate average value. result the 
theoretical formula commonly used aid judgment indesign 
rather than absolute determination depth and spacing. Formulas de- 
termine depth and spacing are used more the drainage western irrigated 
lands than under humid conditions. Drains for irrigated lands are generally 
much deeper and the ground water flows through aquifers which are not influ- 
enced greatly roots plants freezing and thawing. Hence, the conditions 


assumed developing ground flow formulas are more nearly present under 
such conditions. 


EFFECTS CROPS AND SOILS INDEX 
TILE DRAINAGE REQUIREMENTS 


the humid area the permeability values (hydraulic conductivity) soils 
above vary greatly from season season depending upon such fac- 
tors frost action, quantity and depthof roots anddrying soils 
and soil aggregations. The under such conditions varies greatly 
and results variations permeability. Under such conditions the spacing 
drains generally established what may termed drainage field trial 
studies. Midwestern areas the effects drains crops corn are ob- 
served. Whendrains are spaced too far apart there noticeable lag plant 
growth the center area between two tile drains. The tiles are therefore 
spaced more closely together the next installation until uniform cropping 
pattern can obtained throughout the field. Crop yields for various depths 
and spacing tile have been computed. 

When drains are too far apart the fields dry unevenly after rains and areas 
away from thetile remain wet toolong. These wet areas are readily identified 
the farmer cultivating his crops. Such observations also aid estab- 
lishing proper depth and spacing criteria. many soils the effects tile 
draw down the water table are observed installing ground water obser- 
vation wells. The combined results observations have enabled 
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the establishment recommendations for depth and spacing which generally 
produce good results. 


SOIL CONSERVATION SERVICE TECHNICAL HANDBOOKS 
AND DRAINAGE GUIDES 


One the principal activities drainage engineers SCS develop 
standards, criteria and handbook material. During the last two years the SCS 
has issued several chapters the National Engineering Handbook covering 
Agricultural Drainage Subjects. These drainage chapters are for in-Service 
use but may consulted SCS field offices. Included among these chapters 
one covering openditches which includes design procedures for open drain- 
age ditches. Also, chapters drainage surveys, investigations and reports 
and subsurface drainage western irrigated lands have been issued. The chap- 
ters covering tile drainage the humid area and tile systems and appurte- 
nances are also available. After these chapters have been use for few 
years, planned make them available the public through the Govern- 
ment Printing Office. The state offices SCS have issued state engineering 
handbooks for work unit staffs. They include chapters drainage and provide 
criteria for planning most drainage systems. 

Most states having extensive drainage activities have completed are pre- 
paring drainage guides. Drainage guides represent fairly recent concept 
compiling and making available information drainage design standards and 
criteria applicable specific area. Nationaland state handbooks cover gen- 
eral procedures applicable wide variety drainage conditions and instal- 
lations. 

Drainage guides set forth the detailed local design requirements for drain- 
age systems within certain geographical areas, each with its particular com- 
binations climate, soils, and land use. These guides represent the best ac- 
cumulated record drainage experience farmers, ranchers, 
They cover such requirements water table control, drainage coefficients, 
depth and spacing drains, and requirements for investigation, layout, and 
construction. Drainage guides constitute the Soil Conservation Service stand- 
ards drainage engineering the local areas. They are established within 
the general criteria the National and State Engineering Handbooks and other 


INVESTIGATIONS FOR TILE SYSTEMS HUMID AREAS 


the humid area, investigations for tiledrainage systems may consist only 
on-site examination such investigations may require extensive sur- 
veys, soil borings, and water table studies. Under many conditions, the exper- 
ienced technician may install complex systems witha minimum surveys and 
investigations. The experienced drainage engineer will obtain all the neces- 
sary facts but will make instrument surveys only where required. His pro- 
cedure likely follow the following outline: 
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Need and Feasibility Installing Tile Drainage System 
Indications high water table, seepage 
Soils examination 
Soil auger borings 
Plant indicators 
Crop yields 


Hazards cultivation 
Farmer experience 
Will increases crop yields and other benefits increase returns 
sufficiently pay 
Crop yields before and after tiling 
Comparisons with similar soil, topography, and crop situations 
Other farm benefits 
Approximate costs necessary drainage systems 
Planning Drainage System 
Adequacy outlet 
Determine fall available, using engineer’s level 
Location mains, depth and size (usually requires profile) 
Depth, spacing, and size laterals 


Tile lines intercept seepage (based soil borings) 

Structures and special construction items 

Special requirements due acid, alkali, depth, grade, sand, rock 
Cost system. 


INVESTIGATIONS WESTERN IRRIGATED AREAS 


the western irrigated area the subsurface drainage investigations are 
more intensive. addition tothe general type investigations previously listed, 
the drainage investigations for irrigated lands generally include the following: 
(a) Topography; (b) Soil-profile investigations; (c) Hydraulic conductivity 
measurements; (d) Ground-water investigations; (e) Observation wells; and 
map all part the area drained. 

The most detailed drainage investigations are required the western ir- 
rigated regions where saline and alkali salts are present. The drainage engi- 
neer needs recognize the salt problem andordinarily requests assistance 
soils technician study the salt concentrations and chemical amendments 
which are needed. The reclamation saline and alkali soils outside the 
scope this paper. However, the installation subsurface drainage usu- 
ally the first step reclamation such salty soils where reclamation fea- 
sible. Generally, the reclamation may require one more the following: 


Drainage 
Soil amendments such gypsum 

Leaching impounding water the area 
Selection adapted crops 


a 


Excellent information onthe reclamation saline and alkali soils avail- 
able the handbook the subject prepared the Salinity Laboratory.5 


SOIL- PROFILE INVESTIGATIONS 


subsurface drainage work, the texture and permeability subsurface 
particularly sediments andwhere artesian pressures may exist. 
The success failure subsurface drain depends how well has been 
located with regard permeable layers. Exploratory borings must made 
supplement the usual conservation soil-survey. information obtain 
more detailed data especially below the 5-ft 

The location and spacing exploratory subsurface borings must based 
largely knowledge soils, local geology, and experience gained par- 
ticular work Borings must spacedclose enough permit the location 
and correlation subsurface strata they pertain drainage. alluvium 
where sediments are heterogeneous materials deposited complex pattern, 
the spacing borings may 200 less, and inhomogeneous residual soils, 
spacing 500 1,000 more may satisfactory. practical field 
application the usual procedure select grid spacing based previous 
experience; start subsurface explorations and attempt correlate the data 
from the various borings progressively. the correlation between borings 
poor lacking, the original grid spacing may need reduced and the cor- 
relation process repeated. often develops that certain parts area 
correlation may good, whereas other sections, may poor. this 
latter case the grid pattern should supplemented with additional borings 
the extent that the subsoil and substrata configuration made clear. 

Borings large areas should located grid pattern, usually rectan- 
gular. The lines borings may oriented any convenient direction fit 
the area, but preferable have one axis fairly close- 
the general direction groundwater movement. When the spacing and 
grid pattern have been established, guide stakes can placed field bound- 
aries and interior stakes can sighted in. topographic survey 
made, the locations borings can tied this survey. 

The depth borings should least 1-1/2 times the drain depth. Under 
average conditions irrigated areas depth considered adequate. 
few deeper borings, ft, interspersed with the others, should made 
determine the composition underlying strata. 

Fig. shows chart for recording borings for drainage investigations. 
especially important the depthand thickness the most per- 
meable aquifers order that drains may installed the most effective 
depth, this chart are recorded the estimates permeability which are 
made the Even though such estimates may not have high degree 
accuracy, they indicate the relative permeability various soil layers which 
primary importance planning drains. 


HYDRAULIC CONDUCTIVITY 


The terms conductivity,” “permeability,” and “coefficient per- 
meability,” although having different technical meanings, are quite often used 


“Diagnosis Saline and Salinity Lab. Staff, Agric. 
Handbook No, 60, Govt. Printing Office. 
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the same sense. The “coefficient permeability” has been defined® the 
rate flow water througha unit cross-sectional area under unit head dur- 
ing unit period time. The term ‘hydraulic conductivity” defined’ the 
coefficient Darcy’s law ki, which the velocity seepage and 
the hydraulic gradient. Values dependon properties the fluid, well 
the porous medium, and reflect any interactions the fluid with the po- 
rous medium such swelling soil. The term “permeability” used ina 
general sense indicate the ability soils transmit water. this paper 
the term “hydraulic conductivity” used inthe specific sense meanthe rate 
transmissibility water through soil per in. per hr, and usu- 
ally abbreviated per hr,” assuming hydraulic gradient unity. 

the past much research work has been done developing various meth- 
ods and techniques for determining the permeability soils. general, these 
methods and techniques fall into two types depending whether the soil was 
tested “in place” whether soil samples were transported the laboratory 
Tests made place” considered superior for drain- 
age investigations almost impossible obtain samples and transport 
them the laboratory without disturbing them and altering their permeability. 

Laboratory tests may made either two ways. undisturbed core 
may obtained with special core sampler disturbed sample may 
obtained and taken the laboratory where will dried, reduced granule 
size, and then packed into permeameter tube for testing. 


Laboratory-testing methods involve placing soil samples permeameters 
where they are subjected head water for designated period time. 
measuring the amount water that passes through the sample given 
period time the hydraulic conductivity determined. 

The method in-place measurement hydraulic conductivity most com- 
monly used the SCS was described Kirkham.8 This method involves 
the establishment test holes usually in. less diameter depth be- 
low the water table. The hole pumped below the static water level, 
and the rate whichthe water returnstothe original level meas- 
ured, The rate return function and enables computing the hydraulic 
conductivity. 

Two methods making the tests are used. These are the auger hole meth- 


and the piezometer method. Both methods are recommended for use the 


The auger-hole method may utilize holes dug conjunction with the soil 
profile investigations. Special holes may augered for the purpose. The hole 
pumped bailed out several times flush any puddled-over pores along 
the wall the cavity. The water level the auger hole allowed become 
static following the cleaning process. 

make the test the water level lowered the auger hole with pump 
bail bucket. The distance the water level lowered will depend upon the 
stability the soil formation. Where sloughing and caving isa problem 


smaller drawdown should used and well screen perforated pipe 
may used. 


“Drainage Investigation Methods for Irrigated Areas Western United States,” 
Donnan and Bradshaw, USDA Bulletin 1065, 1952, 

“Measurement the Hydraulic Conductivity Soilin Place,” Kirkham, Jour- 
nal Paper No, J-2505, Iowa Agric, Experiment Sta, 
Kirkham, Testing Materials, Special Tech. Bulletin 163, 
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SOIL PROFILE CHART 


For Drainage investigations 


PROPERTY 


BORING NO LAND USE CROP CONDITION 


DATE 
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FIG, 2.—SOIL PROFILE CHART 
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INSTRUCTIONS 


at left Note h as wetness 

sand stringers. on chert Silty cloy-...__- Fine sandy loom._-fs! | Ploty 
Sandy cloy -- Sandy s! | Prismatic 

Estimate nydraulic conductivity of each layer 

considering texture, structure, pH. See ir Silty clay loam Loamy fine sond__Ifs | Blocky 

structions Clay loam Loamy sond Grandulor 


Plot permeagraph on chart Sandy clay loam Sand Single grain 


record at right margin Silt loam ____ | [Gravel 


ADJUSTMENTS HYDRAULIC CONDUCTIVITY ESTIMATES 


FOR INFLUENCE STRUCTURE AND 


It as generally accepted practice to classify soils with respect to texture and 
then to adjust the hydraulic conductivity HC” estimates with respect to soil struc- 
ture, alkals and other influencing factors. Soil texture refers to the relative pro- 
portions of the various size groups of andividual soil grains in a mass of sonal. 
Structure refers to the condition of the sos] grains, (clay, silt, sand, etc.), an the 
way they are arranged and bound together into ageregates with definite shape 


Aggregate length and thickness has an effect upon the “HC The overlap of aggre- 
gates having a horiz. axes 3 or 4 times longer than the vertical can have a marked 
effect upon “HC The “HC” of stratum can be changed by cracks, crevices and frac- 
tures. Some fractured, (block structured), clay or shale stratum are often much higher 
than sands or gravel stratum. The “HO” of sandy stratum are generally higher when the 


grains are round and about the same size than when they are irregular in shape and of 
different sizes. Flat grains tend to overlap and reduce “HC” rates. The matrix rather 
than the coarser material in a gravel or cobble stratum govern the “HO” and should be 
used as a basis in estimating the “HC” 

The following two tables are suggested as a possible guide in rating the HC” of 
various stratum during a drainage soil survey. It 1s not anticipated that these tables 
will replace laboratory analysis and actual field “HC” measurements but that they will 
be used as estimates and bolstered or revised as additional experience and data be- 
comes available. 


PERMEABILITY SYMBOL RANGE 
for TEXTURE-STRUCTURE CORRELATION 
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FOR DRAINAGE INVESTIGATIONS 
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The piezometer method similar principle except watertight pipe 
installed with small cavity below the bottom the pipe. The hydraulic 
conductivity measured from the cavity area. 


Typical field charts used for permeability measurements made the auger 
hole and piezometer methods are shown Figs. and The procedures are 
explained the charts. 


GROUNDWATER INVESTIGATIONS 


The purpose groundwater investigation provide the essential in- 
formation the position and fluctuation the water table various points 
the problem area. This indicates the extent and severity prob- 
lem over the area and provides information for selecting the general type and 
location Information position and fluctuation the 
water table obtained establishing observation wells and piezometers 
needed. Artesian pressures and water-flow should investigated. 

Observation Wells.— Observation wells are open holes placed selected 
points throughout the wet area that water-table levels may observed. 
They may casedor uncased holes depending the stability the soil. These 
wells should established rectangular grid pattern and spaced that 
they will give representative picture the configuration the water-table 
surface. portion all the holes made for soil borings should cased 
and used observation wells. 

Piezometers.— The piezometer very useful tool indetermining ground- 
water pressures and direction flow. There basic difference between 
piezometer and observation well. The piezometer small diameter pipe 
which watertight except for its open ends. driven the required depth 
that there leakage around the pipe and all entrance water into the 
pipe through the open bottom. Observation wells are open holes per- 
forated pipe the entrance water into the well through the entire area 
penetrated below the water table level. The piezometer indicates the hydro- 
static pressure groundwater the lower end the open piezometer tube. 
The observation well reflects composite all groundwater pressure the 
depth the well. 

The piezometer valuable detecting artesian pressures and differences 
pressure between various strata. Groundwater moves from point 
high hydrostatic pressure one low pressure; therefore, the movement 
flow groundwater canbe determined the various hydrostatic pressures are 
known. Piezometers set close together different depths are used detect 
the vertical movement groundwater. Piezometers spaced horizontal in- 
tervals can used detect direction horizontal seepage movement, 
This technique with various ramifications especially valuable studying 
groundwater movement adjacent canals, drains, and from higher lands. 


PUMPING TEXTS 
Where substantial artesian pressures are observed, additional deeper in- 
vestigations are needed locate the aquifer contributing the upward seepage. 
pumping from aquifers under pressure may determined pumping tests 
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where initial studies indicate that pumping from wells may contribute toward 
solving the drainage problem. 


ANALYSIS DATA 


After data are collected the analysis include the following: 


Water table contour maps. contour map used plot the elevations 
the water table specific date. The water table contours indicate the di- 
rection flow and head potentials. 

Depth water table map. Based the information which developed 
the water table contour map the depths water table are shown another 
map. This indicates areas with dangerously high water table. 

Observations well hydrographs. The water table elevations are shown 
plotted against time. The fluctuations for critical wells are helpful 
for determining the source groundwater. 

Profile flow patterns for groundwater. are plotted profile 
paper showing soil layers, groundwater, and hydraulic conductivity. Profile 
flow patterns are helpful detecting artesian conditions, seepage from irri- 
gation canals and other sources underground flow. 


Fig. shows the working map completed with water table problems due 
canal seepage. These data were obtained investigations previously described. 


DESIGN CRITERIA 


The design the system established through the investigations described, 
Drains are located provide the most effective subsurface drainage. Inter- 
ceptor drains are used where feasible. Such drains may lower the groundwa- 
ter from 1/4 1/2 mile below the drain. The theory interceptor drainage 

addition SCS handbooks, previously mentioned, the design, installation, 
and maintenance tiledrainage systems are covered publications federal 
and state agencies whichare textbooks published com- 
mercially. 


The following discussion limited some recent developments inthe field. 


QUALITY TILE 


The tile must satisfactory quality meet requirements the site. 

Many failures tile have occurred result (1) freezing and thawing; 
(2) earth pressures; (3) action sulfates and acids concrete tiles; and 
(4) filling with sediment because irregularities inthe tile inadequate fil- 
ter. prevent such failures, tile which have adequate strength, density, 


“Laboratory Research Interceptor Drains,” Jack Keller and Robinson, 

“Farm Drainage,” Lewis Jones, Dept. Agric., Farmers Bulletin 

2046, October, 

«Drainage Investigation Methods for Irrigated Areas Western United States,” 


W.W. Donnan and Bradshaw, Dept. Agric., Tech, September, 
1952, 
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FIELD HYDRAULIC CONDUCTIVITY 
AUGER HOLE METHOD 


A knowledge of in place soil permeability is very important in drainage design. Perm- 
eability is essential in the design of grids as well as interception drains 

The auger hole method described below is a relatively simple test that can be made 
with a minimum of equipment and in conjunction with the soil profile investigation. The 
term hydraulic conductivity 1s # permeability figure dependent on properties of the 
groundwater, as well as the soil profile. 

The drainage soil profile log holes are used for the permeability tests or a special 
hole can be augered for the purpose. The hole is pumped or bailed out several times to 
permit any puddled-over pores along the wall of the cavity to be flushed out by the in- 
seeping groundwater. This flushing process can be accomplished with a pitcher pump or @ 
bail bucket slightly smaller than the auger hole. The water level in the auger hole is 
allowed to become static following the cleaning process. 

TEST: The water level is lowered in the auger hole wath the pump or bail bucket. The 
distance the water level is lowered will be dependent upon the caving and sloughing 
tendency of the profile. Where sloughing is a problem a smaller drawdown should be used 
and possibly a liner or screen will be required. The water levels and times of observa- 
tion are recorded on the form. This time and distance of rise is used in the following 
Kirkham auger hole formula to calculate the hydraulic conductivity. The depth of water 


in the auger hole (D-B) should be about 5 to 10 times as deep as the diameter (2r) of 
the auger hole. 


HC=444 x at 


Ground | Surfoce 
x 


- Radius of auger hole in feet 

Function from figure on this page 

Depth of water in auger hole in feet (D-B) 

Raise of water level in feet in At tamed 
interval (A-R) 

t - Time required to give Ah in minutes 

h - Average depth of water in auger hole 

during test (D-A + Oh/2) 
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An estimate of the relative hydraulic 
conductivity between auger holes can 
be determined by plotting the resid- 
uel drawdown at verious recharge 
tames. The slope of the curve gives 
an andacetion of hydraulic conduc - 
tavaty. The steeper the curve the 
hagher the conductivity 
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FIELD HYDRAULIC CONDUCTIVITY TEST 
PIEZOMETER METHOD 


The piezometer method is used to obtain the hydraulic conductivity of a given strate 
or area in a soil profile. (Hyd. cond. is @ permeability figure dependent on properties 
of the groundwater ss well as the soil profile.) This 1s possible because the hole e#hich 
is bored into the soil for the conductivity measurement is ceased, except for e sma)! 
cavity at its end. The rate of entry into this cavity 1s @ measure of the hyd. cond. of 
the soil ground the cavity 

EQUIPMENT: A 1% to 2 inch worm auger with a square bit end is used for the test. 
Electrical conduat 1% to 2 inch anside diameter, sharpened on one end is used as the 
piez. The auger is ground to about 1/16 inch smaller than the anside dia. of the piez 
A driving head on the piez. top prevents damage during driving. An electrical device 
sounding bell or blow tube can be used to measure the water level. A soil tube jack or 
piez removal equipment can be used to remove the piez. 

METHOD: An auger hole is bored to a depth of 6 inches. The piez. is then driven into 
the hole ebout § inches with light blows from a maul. The hole is again augered to a 
depth of & inches below the piez. This procedure is continued until the piez. reaches 
the desired depth. A cavity 4 inches long is carefully eugered below the end of the prez 
A stop on the auger handle helps make this length precise. The auger should be removed 
very slowly to prevent sloughing of the cavity wall. A hollow auger or smal! tube to the 
auger bit may be required to permit air to break the suction and prevent sloughing of the 
cavity. The prez. is pumped or bailed out, with a pitcher pump or bail bucket, to permit 
the pores in the cavity wall to be flushed out. Flushing is repeated until the rate of 
rise in the prez. 18 the same as a previous pumping. 

TEST: The water level is lowered in the piez. a distance dependent upon the sloughing 
tendency of the profile. The water levels and times of observations are recorded and 
used in the following Kirkham Piezometer formula to calculate the hyd. cond. 


2 Bh . 
HC - Hydraulic conductivity in inches per hour —>|"}- 
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c - Function from figure on this page 
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uniformity size should used. Soils and soil water should tested de- 
termine sulfate content acidity. Concrete tile should selected based 
alkali acid conditions. 

Excessive earth pressures have caused failure clay and concrete drain 
tile deep fills. Formerly, this problem could solved most cases 
excavating narrow trench hand deep cuts for the deepest portion the 
cut. wider cut excavating machine downto elevation 
above grade. The final cut grade would hand. 

The reason for this method that loads tile are much less narrow 
trench than wide trench. The high cost labor has restricted the use 
this method and, generally, more satisfactory use stronger pipe which 
will resist the loads occurring wide trench excavated backhoe drag- 
line. 

Frost action especially severe clay tile. Much damage tile occurs 
leaving tile the open over the winter. There have been many fail- 
ures clay tile northern states due the lines being laid shallow depths 
subject freezing and thawing. 

Some concrete tile has failed because the action acids soil soil 
water. Failures have been organic soilsthan mineral soils. 
Some observations indicate that failures are more apt occur sandy soils 
than medium and heavy textured soil. 

Concrete tile has failed the past because action sulfates the tile. 
Such failures occurred chiefly western irrigated lands, southwestern Min- 
nesota, and few counties Iowa. 

Satisfactory investigations todetermine conditions tobe met and the proper 
use the ASTM specifications covering clay and concrete tile should help 
liminate these causes failure. 


ASTM SPECIFICATIONS FOR CLAY DRAIN TILE 


Important changes were made inASTM C4-59T, Tentative Specifications for 
Clay Drain Tile, issued November, 1959. greatest significance inthe es- 
tablishment new class tile called “heavy-duty” drain tile. This class 
tile designed provide greater strength. Table shows the crushing 
strengths “heavy-duty” tile compared with the “standard” and “extra- 
quality” classes. The latter classes were changed only slightly from the for- 
mer specifications, ASTM C4-55: 

studying Table will noted that strengths heavy-duty tile com- 
pared with extra quality tile have been increased more for the larger sizes 
than for the smaller sizes. The reason for this that the ASTM committee 
established one criteria that all sizes the heavy duty tile should able 
withstand about the same depth cover under projection loading conditions. 


ASTM SPECIFICATIONS FOR CONCRETE DRAIN TILE 


The American Society for Testing Materials issued ASTM C412-58T, Ten- 
tative Specification for Concrete Drain Tile, which has come into general use 
within the last year. The most significant change this specification was the 
inclusion new class concrete tile known “special-quality 
class tile designed especially resist action acid and alkalies. The 
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object obtain dense tile made from well graded aggregate which mini- 
mizes the leakage water through the walls the tile. These specifications 
provide for hydrostatic test alternate test minute absorption test 
for special quality tile insure minimum leakage through walls. 


GUIDE FOR USE CONCRETE TILE ACID AND SULFATE SOILS 


The Soil Conservation Service has prepared guide for use when working 
with the three classes drain tile shown Table These limits have been 
worked out drainage engineers the SCS cooperation with Manson 
the Agricultural Engineering Department, University Minnesota. The care- 
ful application limits shown Table will greatly improve 
concrete pipe installed acid and sulfate soils. 


TABLE 1.—CRUSHING STRENGTHS CLAY DRAIN TILE GIVEN ASTMC4-59T 


Tile Size Minimum Crushing Strength (average five tile) 
Diameter, in, Standard, per Extra quality, Heavy duty (new 
800 1,100 1,500 
800 1,100 1,550 
800 1,100 1,700 
870 1,150 1,980 
1,300 2,340 
1,450 2,680 
1,600 3,000 
2,000 3,590 


BLINDING TILE AND FILTER REQUIREMENTS 


Most the tile drains the Cornbelt States have adequate protection 
gainst rapid silting proper blinding drain tile with topsoil. Sod and top- 
soil having high organic content make excellent blinding material filter 
water which enters the tile. Contractors have generally perfected the art 


blinding that little trouble occurs and tile may expected tohave effec- 


However, there are some areas where silting serious prob- 
lem. Generally, this occurs where fine sand and coarse silt particles having 
low cohesion flow into the tile. Where tile produce 
design velocity about 1.5 fps more, the velocity high enough wash 
out much the sediment. Laying tile grades producing such velocities 
practical solution some locations. 

Progress has been made solving the sediment problem design ade- 
quate gravel sand filters, which are widely used. the filter material 
too coarse the base material flows through the filter. the filter material 
too fine the filter impedes the movement water into the tile. Research 
several agencies has established the desirable particle size limits for gravel 
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filters. Frequently, pit run gravels are well graded and make excellent fil- 
ter material. Often desirable mix sand gravel from two sources 
obtain filter material having satisfactory size distribution. 

Mechanical analyses base filter material are made and gradation curves 
are plotted. Recommended standards adopted the Soil Conservation Service 


are based research the Corps Engineers, Bureau Reclamation, and 
others. They are follows: 


TABLE 2,—GUIDE FOR USE CONCRETE TILE ACID AND SULFATE SOILS 


(a) Acid Soils 


Class tile ASTM 


Lower Permissible limits 


Organic and sandy soils Medium and heavy-textured 
soils 
Standard quality 6.0 
Extra quality 5.5 
Special 5.0 


(b) Sulfate Soils 


Permissible maximum limit sulfates 


ASTM class tile and cement® 


(Parts per million) 


7,000 Special quality, type type 
3,000 Extra quality, type type 
1,000 Standard quality, any type cement 


Where manufacturer seller desires furnish tile class which fails 
qualify under limits shown this table, will required furnish proof that tile 
recommended will give satisfactory service 

Figures given represent lowest readings values for soil water soil tile 
depth. Values confirmed additional tests where desirable, 

Obtain high strength, low absorption tile where available. See Agric, Exper- 
ment Bulletin 426, “Making Durable Concrete Draintile,” Manson and 
Miller. 

Highest reading sulfates for soil soil water tile depth. Values con- 
firmed additional tests where desirable. 

ASTM specifications C412-58T and Where manufacturer seller de- 
sires furnish tile cement class which fails qualify under limits shown 
this table will required furnish proof that tile will give satis- 
factory service 

Type cement high sulfate resistance. The calculated tricalcium alumi- 
nate (C3A) compound the cement should less than 


Sandor sand-gravel drain conduits should hard, 
durable sand sand-gravel mixtures. 

Sand sand-gravel filter material should selected mixed accord- 
ance with the gradation the soil mass and beneath which the conduit 
placed. The following criteria are recommended designing the filter: 


(1) Maximum size Material in. 


(2) size isthat size for which 50% the 
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material weight smaller; that size for which 15% weight 
smaller; etc.) 


(4) Not more than filter material should pass the No. 200 sieve. 
(5) size filter 


size soil 

(6) Thegradation curve thefilter material should approximately par- 
allel that the soil. 

(7) The size filter should less than 1.2 times the maximum 
joint spacing between drain tile other pipe sections. 

(8) Minimum thickness filter around drain conduit should in. 


less than 


recent publication Kruse!3 reports experiments simulating radial 
flow into irrigation well with the flow reversed intervals determine 
criteria for stability uniform and aquifers and gravel packs. 
The uniformity coefficient (Cy) was defined the ratio the size the 
size granular materials. The pack-aquifer (P-A) ratio was defined 
the D50 size the gravel pack the size the aquifer. Test results in- 
dicated the following values upper limits the pack-aqufier ratios, sta- 
ble filtering action was maintained. 


Aquifer Gravel Pack Limiting P-A ratio 
Uniform Uniform 9.5 
Non- Uniform Uniform 13.5 
Uniform Non-Uniform 13.5 
Non-Uniform 


These experiments not simulate conditions found indraintile but indicate 
advantages non-uniform gradation materials andof alow P-A ratio. They 
indicate the desirability further research determine criteria for stable 
filter conditions for drain tile. 

Glass fiber material has found considerable use tile filter recent 
years. This material was tested the Agricultural Research Service Ft. 
Collins, Colo. The preliminary results showed that the material will restrain 
particles the coarse silt, fine sand, and larger sizes from entering the tile. 
The strength the material having cross-fiber bracing more satisfactory 


than that reinforced longitudinal fibers. This material finding increasing 
use. 


BITUMINIZED FIBER PIPE 


Also interest the use other materials for drain tile. Bituminized 
fiber drain pipe has been used several states for drain tile. Most installa- 
tions have been perforated pipe, 4-in. size, and lengths ft. The pipe 
light and competitive basis withother pipe many areas the North- 
east, especially where the freight important cost factor. 


Gravel Packs for Wells Unconsolidated Aquifers,” Gordon Kruse, 
Colorado State Univ, Experiment Tech. Bulletin No. 66, March, 
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The specifications for bituminous fiber drain pipe are the current De- 
partment Commerce Commercial Standards (CS116 54) modified fol- 


lows: 
Pipe size (minimum inside diameter, in.) 
Minimum pipe wall thickness, in.) 0.25 0.32 0.34 
Ultimate crushing strength, inlbper pipe 
3-edged bearing test 800 800 800 


in. centers. Perforations shall omitted 

when specified for use conduit steep 

Standard 5/8 in. perforations may speci- 
fied for some organic soils when recommend- 
local drainage 5/16 5/16 5/16 
Radial spacing holes for two-row perfora- 

tions shall 105°, Radial spacing holes 

for 4-row perforations shall 35°, 120° and 

155°, successively, from the first row. 


PLASTIC PIPE 


There has been some installations plastic drain pipe and considerable in- 
terest inthe use this material. Sofar installations have been few number. 
The cost and service life this material will determined experience and 
will influence the extent its use. 


PORTABLE TILE TESTING MACHINE 


SCS technicians have recently useda machine enable field 
tests tile insure that they meet specifications. machine developed 
SCS technicians weighs less than 100 and consists two-ton hydraulic 
ram, gage, and frame steel beams. Light weight ma- 
chines are also available commercially. 
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IRRIGATION AND DRAINAGE POTENTIALS HUMID 


Marion Clifford Boyer, ASCE 


SYNOPSIS 


the words the demographers, the world’s population “exploding.” 
present growth rates continue the year 2000, the population the United 
States will have increased approximately 1.82 times. Communist China 2.16 
times, and other areas the world like amounts. estimated that 
the year 2000 the United States will producing approximately one-third more 
food than needed for its own people, while Communist China and much the 
rest the world will producing less than one-half the food needed. Under 
those circumstances mass starvation would inevitable. Civil engineers 
must accept the responsibility for making the cultivated lands yield most ef- 


ficiently through proper irrigation and drainage, particularly the humid 
areas the world. 


INTRODUCTION 


The conquest the bacterium and has reduced the incidence 
disease throughout the world that populations long stagnant because the tragic 
balance between deaths and births are suddenly increasing prodigious rates. 
Unless Man soon gains control over his own fecundity, the world’s population 
will reduced the simple task toiling only produce its own food and 
shelter. Food supplies many areas the earth have never been ample for 
the populations which they sustain. Should this population expansion continue 
starvation will reduce the multitudes. Engineers should aware this prob- 


lem and are position contribute the more efficient production food 


Note.—Discussion open until February extend the closing date one month, 

written request must filed with the Executive Secretary, ASCE. This paper part 

the copyrighted Journal the Irrigation and Drainage Division, Proceedings the 
American Society Civil Engineers, 86, No. September, 1960. 
Presented the ASCE Convention, New Orleans, La., March, 

Hydraulic Engineer, Indiana Flood Control and Water Resources Commission, 


| 
At 
= 
ae 
kh 
iy 


and fiber. They must accept the responsibility evaluating the situation and 
doing whatever within their power alleviate it, through increased food 
production. 

Every piece land the earth’s surface which capable being culti- 
vated day called upon yield most efficiently its share food and 
fiber for Man’s use and for the sustenance domestic animals. Efficient use 


TABLE 1.—POPULATIONS AND FOOD SUPPLIES COUNTRIES THE WORLD, 
1937 AND 1957 


characteristics Food supply, 
1957, kilo- 


calories 
Region Land area, In- 
miles| Total, millions per crease 
mile per 
(1) 

United States 

Continental 3,022,387 3.10 177 

Alaska 586,400 .07 1.4 

Canada 3,851,116 11.34 3.14 
Central and So. America 

Caribbean 1,824,338 45.87 2.41 102 

Argentina 1,072,748 13.49 19.87 1.95 55.5 

Brazil 3,287,204 38.69 61.27 2.32 47.0 

Australia New Zealand 3,078,056 8.43 11.88 12.5 
Scandinavia 428,808 12.83 15.20 35.5 110 
Central Europe 1,367,866 |339.8 378.4 |276 750 
Africa 

Egypt (United Arab Rep) 386,101 16.01 24.03 2.05 162 

Near East 1,523,800 57.33 79.41 131 
Far East 

India 1,267,094 1,29 584 

Pakistan 364,797 464 

Philippine Islands 115,600 1.95 380 

Other countries 1,345,714 197.89 1,21 294 
Communist China 3,768,736 323 


Data for the year 1939, Data for the year 1956. 


the soil requires that irrigated and drained. this potential for irri- 
gation and drainage much the earth’s surface, the humid areas partic- 
ular, which offers the greatest challenge tothe civil and the agricultural engi- 
neer. 


PRESENT WORLD POPULATION AND FOCD SUPPLY 


Much has since the days Malthus concerning the balance be- 
tween the world’s population and its food supply. Pessimists have decried the 
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fact that within very few years starvation will the rule. Optimists have 
pointed the vast land areas not now cultivated and thedepths the sea 
sources supply Man’s needs, matter how prodigiously the 
human population expands. certain that neither view entirely correct. 
dispassionate examination the facts concerning populations and food sup- 
plies the nations the world will help toclarify the picture and show the 
urgent need for increasing the crop yields the earth’s soils. 

Table shows the present population characteristics for the major regions 
the world and for the principal nations each region. The data2 include 
land area, total populations 1937 and 1957, and food supply. 


GROWTH THE WORLD POPULATION 


One can only conjecture the probable growth the world’s population 
future years. Several methods estimating population growth have been 
suggested. The writer has chosen use the exponential formula which, the 
form “compound interest,” given the equation 


has been todetermine the rates population growth percentage 
per year for twenty years prior 1957, utilizing data contained Table 
and extrapolate forward the year 2000. 

The figures population for 1937 and 1957 were substituted Eq. 
and respectively, and the coefficient determined. For the extension, the 
regions covered Table were combined into larger areas, Table the re- 
gional coefficient determined, and Eq. again solved extend the increase 
forty-three years from 1957 the year 2000 for these larger areas. These 
data are given Table 


INCREASE THE WORLD’S FOOD SUPPLY 


There are many nations the earth today whose people are continuously 
the verge starvation. the population explosion continues, the pro- 
duction food does not keep pace, mass starvation inevitable. produc- 
tion does not expand greater rate, the fringe nations can never hope for 
that raised standard living which the goal all the earth’s people. 

world-wide tabulation the estimated net food supply, calories per 
day per person, available for human consumption presented elsewhere.3 
These data have been included Tables and The product the available 
food supply and the population density persons per square mile gives fig- 
ure food supply measure land yield, calories per square mile per 
day (tabulated kilocalories). 

The probable food supply the year 2000, available and required, even 


more difficult torecast than population growth. This has been attempted 


Statistical Abstracts the United States, Department Commerce, Govern- 
ment Printing Office, 1956 and 1959, Section 
Ibid., 1959, Table 1213, 929. 
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starting with estimate daily requirement per person the year 2000, 
based the 1957 United States food consumption. This figure was slightly re- 
duced for the year 2000 estimate, compensate for the present surplus pro- 
duction. The per person requirement for the other regions the World was 
then estimated, using the United States figure, but making larger for the 


cooler regions and smaller for the warmer, approximately the same pro- 
portion present. 


TABLE 2,—POPULATIONS AND FOOD SUPPLIES REGIONS THE WORLD, 1957 


Population characteristics 


Food supply, 
kilocalories per day 
Per Per 
person sqmile 


Region Increase 
percent- 
age per 

year 


Total, 


United States, Continental 

Canada 

Central So. America 

Soviet Union 

Australia New Zealand 

Scandinavia Cent. 
Europe 

Africa 

Near East 

Far East 

Communist China 


Estimated basis data for some countries the region. 


RELATION BETWEEN POPULATION GROWTH AND FOOD SUPPLY 


The data contained Tables and are presented graphically bar dia- 
grams for each region The left bar each instance the population 
1957 and that estimated for the year 2000, plotted with the number per 
Square mile the ordinate the land area base. The area this dia- 
gram isthe population volume. The right the food supply, kilocalories 
per square mile, over the land area base. this bar the figure paren- 
theses the estimated food supply available the year 2000, the other figure 
the estimated supply required that year. the required supply less 
than that available, the difference represents surplus. This shown the 
diagram dotted area. If, the other hand, the required greater 
than that available, the supply deficient and the region cannot feed its people 
from its own crops. This deficiency shown the heavy-barred areas. 
evident that some regions the world are grave danger soon reaching 
that sad state—mass starvation—foreseen one hundred sixty years ago 
Malthus, because they cannot produce sufficient food for their people. 


FARM LAND THE UNITED STATES 


The United States America, reason the great technological skills 
its people, industrial giant among nations. Technological developments 


(1) (2) (3) (4) (5) (6) (7) 

171.2 56.8 3.10 177 

1.92 3.14 13.5 

11.88 3.9 3.30 12.9 

393.6 219 2.85 625 

3,768,736| 640.0 170 1.81 323 

ik 


agriculture have made possible such yield food and fiber that the coun- 
try has great surplus each year. the nations the world would wel- 
come this condition. That they are not favored due part the densi- 
ties their populations and part primitive methods land cultivation. 

The climate the United States ranges from arid humid and irrigation 
and drainage practices have been tailored tofit the climate each region. 
the arid lands the West crops can grown only when water supplied 
irrigation. Drainage consists part preventing the saturation low spots 
water escaping below the root zone the cropped land and collecting 
pockets, and part carrying off that part the irrigation water which es- 
capes beyond the cropped land overland flow seepage drains. 

Across the Midcontinent the climate ranges from semi-arid sub-humid. 
The need for irrigation water becomes smaller and for drainage greater. 


TABLE AND FOOD SUPPLIES REGIONS THE WORLD, 
ESTIMATED FOR THE YEAR 2000 


Population forecasts Food supply, kilocalories per 


day per mile 


Region Land area, 


miles 


Maxi- 


United States, Continental 1,82 400 
Canada 
Central So. America 2.61 300 
Soviet Union 1.55 150 
Australia New Zealand 2.09 
Scandinavia Cent 

Europe 1,25 500 
Africa 
Near East 
Far East 1.73 
Communist China 2.16 


the South and East irrigation used increase the yield crops which 
will produce when watered natural precipitation alone. Drainage assumes 
great importance, not only must the soil the root zone kept unsatur- 
ated, but storm water must rapidly taken off the land surface well. 

For purposes this study the continental United States has been divided 
into nine regions and analysis made the acreages farmed, irrigated, and 
drained each. are contained Table 

Fig. shows the selected regions, together with line diagrams showing the 
percentage each framed during the years 1930, 1940, 1950, and 1954. There 
wide range the percentage total land area farmed throughout the 
United States. 1954 varied from 27.5% New England 89.7% the 
Great Plains. Rockyand mountainous New England contains little land suitable 


Statistical Abstracts the United States, U.S. Department Commerce, Govern- 
ment Printing Office, 1956 and 1959, Sects, 24, 


ratio year mile (esti- avail- 
2000/ 2000, mated) able 
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HUMID AREAS 


TABLE 4.—AREAS IRRIGATED AND DRAINED, REGIONS, CONTINENTAL UNITED STATES 
Year Farm area, acres Acres per farm Area irrigated, drained, inacres 
(a) NEW ENGLAND (40,500,000 acres) 
1939 | 2,846 
° 1940 13,370,000 99 
1949 31,450 
1950 12,550,000 122 
1954 11,120,000 136 38,395 
, (b) MIDDLE ATLANTIC (64,500,000 acres) 
1939 7,260 
1949 54,616 
4 (c) SOUTH ATLANTIC (165,000,000 acres) 
1939 128,037 
1940 92,560,000 6,810,000 
1949 381,044 
1950 102,170,000 116 7,560,000 
1954 536,195 
(d) EAST NORTH CENTRAL (157,000,000 acres) 
1930 110,890,000 116 33,480,000 
1940 113,660,000 113 32,680,000 
1949 36,237 
1950 112,100,000 126 36,020,000 
(e) EAST SOUTH CENTRAL (115,000,000 acres) 
1939 891 
1940 77,090,000 3,990,000 
1949 6,950 
1950 79,580,000 87 4,680,000 
(f) WEST NORTH CENTRAL (131,000,000 acres) 
1930 150 20,720,000 
1939 6,286 
1940 157 20,240,000 
1949 7,710 
1950 102,270,000 166 21,150,000 
(g) WEST SOUTH CENTRAL (62,800,000 acres) 
1939 573,381 
1949 998,882 
1950 30,070,000 16,860,000 
1954 29,380,000 115 1,564,557 
(h) GREAT PLAINS (408,000,000 acres) 
1930 325,310,000 282 5,980,000 
1,529,770 
1940 338 7,640,000 
1949 4,291,913 
1950 363,450,000 432 9,550,000 
1954 365,770,000 482 6,446,142 
(i) ROCKY MOUNTAIN AND PACIFIC (751,000,000 acres) 
1930 217,980,000 433 4,780,000 
1939 15,713,626 
1940 255,590,000 503 6,200,000 
1949 19,037,333 
1950 324,520,000 703 6,080,000 
1954 337,430,000 797 20,959,034 
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HUMID AREAS 


for farming, while the vast flatlands the Great Plains may nearly all cul- 
tivated. Nationwide, the cultivated area 1,810,000 miles, ratio total 
area 60%. this, the area actually harvested was 528,000 miles, 
ratio cultivated area 29% and total area 18%. 


IRRIGATION AND DRAINAGE PRACTICES THE UNITED STATES 


Irrigation practiced greater lesser degree throughout the United 
States. the West the keystone the agricultural economy. Without 
few crops would grown. 1954, noted Table 21,000,000 acres were 
irrigated the Mountain and Pacific region, 2.80% the total area. Across 
the Midcontinent crops can grown most years without irrigation, but irri- 
gation would increase their yield. The irrigated area the semi-arid Great 
Plains was 6,450,000 acres 1954, 1.58% the total. the humid East, irri- 
gation practiced principally increase crop yield or, some areas, re- 
duce frost damage. not used extensively. For example, the South At- 
lantic region the irrigated area constitutes only 0.32% the total 1954. 

Drainage also practiced throughout the United States, but, conversely 
irrigation, its need least the arid West and greatest the humid East. 
the Mountain and Pacific region 6,080,000 acres were drained 1950, 0.8% 


the total; the Great Plains 9,550,000, 2.3%; and the South Atlantic re- 
gion 7,560,000 acres, 4.6%. 


GROWTH IRRIGATION AND DRAINAGE HUMID AREAS 


will noted from examination Table that irrigation the humid 
eastern United States has experienced substantial growth during the fifteen- 
year period 1939-54. the rate increase has been very marked. 
the semi-arid and arid western regions, where irrigationhas been practiced 
upwards 100 years, the rate increase much less. 

American irrigation was born the arid West. historically reported 
having been first practiced the Mormons the Great Salt Lake Valley 
1847, though the Indians the southwest were skilled irrigators centuries 
earlier. From this small beginning handful emigrants has developed 
today’s extensive irrigation practice. 

The beginnings land drainage America are unknown, but probably were 
along the eastern seaboard. Its greatest growth was the “fidcontinent area, 
particularly the states Indiana, Illinois, and Iowa, and along the lower 
Mississippi River. While irrigation continues grow, drainage shows com- 


paratively little annual change, the principal areas requiring such treatment 
have long since been drained. 


THE NEED FOR MORE FOOD 


Man faces fully serious problem inthe control population growth 
does the control the atom. The explosive results the one could 
decisively destroy civilization would the other. Hand hand with the con- 
trol exploding population must the expansion food-producing capa- 


bilities the earth’s people through the use all the tools and techniques 
enlightened civilization. 
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The greatest shortages food occurin the Far East and China. Each will, 
under the circumstances assumed, fail approximately 50% its ability 
feed its people the year 2000. 

The deficiency can reduced only the most intensive effort the im- 
provement agriculture, but, more than that, the development other 
natural resources through the labor country’s workers, the products 
which can traded nations with food surpluses. 

All the foregoing estimates for the future, inaccurate though they may 
prove be, still serve emphasize the seriousness the problem and the 
need intensive program expanding food production all means. This 
includes irrigation and drainage the humid areas, which constitute large 
part the earth’s surface, particularly the Far East, where the nations’ 
capabilities for feeding their are seriously limited. 


THE FUTURE IRRIGATION AND DRAINAGE PRACTICES 
HUMID AREAS 


The need for increased food production throughout the world will compel 
the development all arable areas. The cost and difficulty obtaining irri- 
gation water for the remaining nonproducing arid lands have increased greatly 
and new developments are definitely limited, including the potentiality de- 
salting sea water. Humid areas, the other hand, offer far more opportuni- 
ties for yielding supplies through the efficient maintenance soil 
moisture the root zone. the midcontinent United States, for example, 
large areas can brought under irrigation. 

With the expansion irrigation humid areas the United States will 
come the need for additional drainage, but not the same proportion. Present 
drainage systems may, with minor modifications, made serve for the re- 
moval excess irrigation water well storm water. 

Among the other regions the world there are vast areas within the humid 
climatic belts which can brought into food production can more effi- 
ciently utilized. serious problem mineral salts deposition irrigated 
lands West Pakistan resulting from inadequate drainage has been discussed 
estimated that 100,000 acres per are being taken out 
production and that 1,600,000 acres need restorative treatment. Philip 
Dickinson, ASCE, has stated regard irrigation Ceylon that because 
the maldistribution rainfall and the abnormally high demand for water 
rice, the island’s principal crop, irrigation essential the future that 
nation, which experiences annual rainfall well excess 100 in. over 
most its area. 


THE ROLE THE CIVIL ENGINEER 


The geoagronomist and the civilengineer share responsibility for expan- 
sion the world’s food production. The former determines what lands may 
made available and gives advice and guidance both new lands 
and lands now under cultivation. This guidance will include instruction 
land preparation, farming methods, planting, and the use fertilizers, insec- 
ticides, and fungicides. 


Engineering News-Record, 163, 26, Dec, 24, 1959, 44. 
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providing proper irrigation and drainage the civil engineer guarantees 
that water the right amount will always available the plant its root 
zone. only this combination scientific effort agronomist and engi- 
neer that there can any hope feeding the expanding world population. 
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DRAWDOWN DUE PUMPING FROM UNCONFINED AQUIFER 


SYNOPSIS 


First approximation treatments the drawdown pattern about pumped well 
unconfined aquifer are commonly based upon the simplifying assumption 
that the drawdown does not alter the transmissibility the aquifer. second 
approximation developed this paper which accounts for the reduction 
the transmissibility the drawdown. The first approximate solution can 
plotted single line graph having the dimensionless parameters y/(Q/2) 
and ordinate and abscissa. The improved solution plots 
series lines sucha graph. These lines are identified the para- 
meter (Q/2 D2). The method using the graph the same before but 
now possible add family curves indicating the ratio the draw- 
down the original depth. 


INTRODUCTION 


basic assumption the derivation commonly used nonequilibrium well 
formulas that the transmissibility remains constant withtime. This assump- 
tion met confined aquifers they are not dewatered. However, im- 
possible completely satisfy the assumption constant transmissibility un- 
confined situations. For such situations the transmissibility decreases the 
drawdown the water table about the well reduces the area flow. thick 
aquifers, where the drawdown small compared the original thickness 


Note.—Discussion open until February 1961. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. This paper part 
the copyrighted Journal the Irrigation and Drainage Division, Proceedings the 
American Society Civil Engineers, Vol. 86, No. September, 1960. 
Civ, Engr., Colorado State Univ., Fort Collins, Colo. 
Engr., Colorado State Univ., Fort Collins, Colo. 
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the saturated material, the assumption not seriously violated and the cur- 
rently used formulas provide good approximation the actual conditions. 
But situations where the drawdown large compared the original satur- 
ated thickness the present well formulas become inaccurate. 

This paper develops second approximation equation which takes into con- 
sideration the reductionin saturated thickness addi- 
tion, method refining this approximationis outlined. Likeformulas already 
use, the one presented here conforms the Dupuit-Forschheimer concepts 
and should give valid results for computation the free surface over thatarea 
about well which the slope the water table small. 

Notation.—The letter symbols adopted for use this paper are defined and 
arranged alphabetically, for convenience reference, the Appendix. 


FIRST APPROXIMATION 


The flow through cylindrical surface height D-y, from 
the well, is: 


The change flow with respect the radius is: 


Another expression for may written terms the change 
water beyond the radius with respect time, follows: 


terms the change flow with respect the radius, Eq. may 
written as: 


combining Eqs. and simplifying and rearranging, the following non- 
linear differential equation obtained: 


Because the difficulties solving Eq. the more common development 

based assumption that flow occurs through the entire depth (D) the 

aquifer, that negligible comparison Thus, starting again with 

Eq. butneglecting y,in the sum (D-y) and following similar steps,a linear 

partial differential equation may developed. This is: 
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DRAWDOWN 


the variable, 


substituted into Eqs. and they will reduced ordinary differential 
equations and this manner, Eq. may reduced to: 


Bue + + 2 u) du Oo 2 (8) 


Eq. reduced the following first order differential equation: 


integrating factor for Eq. thus, giving the solution: 


particular solution, subject the conditions that the aquifer infinite 
lateral extent, the discharge the well and that for all values 


This form the exponential integral, since, 


co 2 

ap = 1 dv = - wi (-u2) 


Values for each have been 4,5 well pumping formula ex- 
pressed terms the exponential integral has been described Thesis. 


“Heat Conduction,” Ingersoll, Zobel, and McGraw-Hill 


Book Co., Inc., New York, 1948, tabulation the function given Ap- 
pendix F.) 

“Tables Functions with Formulas and Curves,” Jahnke and Emde, Dover, 

Federal Works Agency, Work Projects Administration for the City New York, 
Table Sine, Cosine and Exponential Integrals, Vol. and Tables MT5 and MT6, 
Superintendent Documents, Washington, C., 

“The Relation Between the Lowering the Piezometric Surface and the Rate and 
Duration Discharge Well using Ground Water Storage,” Theis, Trans- 
actions, AGU, 1935, pp. 519-524, 
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Eq. constitutes the first approximation for the unconfined situation. 
developing second approximation which takes into consideration the effect 
drawdown can anticipated that the ratio drawdown the original satu- 
rated thickness (y/D) will involved. 


SECOND APPROXIMATION 


iteration procedure, based upon simple physical concepts, provides 
effective means for obtaining the second and successive improved approxima- 
tions. Beginning again with the basic Eqs. and the expressions used 
the iteration procedure can developed. 


rearranging Eq. and substituting the variable 


can put 


the form: 
Integration Eq. 14, subject the requirement that should approach zero 
approaches infinity yields the following expression: 
uy 
letting 
27KD 
and substituting this Eq. 15, anexpressionfor y/D may obtained 
the form: 


Another useful relationship can developed using the substitution: 


Then Eq. 17a takes the form: 


- 

Similarly, substituting the variable into Eq. puts the form: 


DRAWDOWN 


Eq. may rewritten follows: 


And since 


These considerations yield Eqs. and 21, relating and F/Q al- 
ternately solving each, using values previously obtained from the other, in- 
creasingly improved values can obtained. The integrals Eqs. and 
are conveniently evaluated graphical integration procedures. working 
out selected values, was found converge rapidly. 


TABLE THE FIRST, SECOND AND THIRD 


approximation 


(2) 


2nd 
approximation 


3rd 
approximation 


0.00482 


0.00500 5.01 0.916 
0.00600 0.790 
0.00700 4.67 0.728 
0.00800 0.682 
0.00900 4,42 0.646 
0.01000 4,32 0.618 
0.10000 2.02 0,223 


excellent starting point for the iteration procedure can obtained 
substituting obtained from approximation Eq. into Eq. 
with the quantity replaced This yields 


(22) 


substitution Eq. into Eq. then gives second approximation for 
Wof the form: 


comparison values for the 1st, 2nd and 3rd approximation when 
0.1 given The third approximation was obtained graphical in- 


uy 
(1) (3) (4) (5) 


tegration based Eqs. and 21. For conditions the second approxi- 
mation, computed from Eq. 23, usually sufficiently accurate. 

will noted that the third approximation drawdowns are slightly reduced 
compared those the second approximation. The use the second ap- 
proximation, therefore, somewhat the safe side because actual drawdowns 
should less than those estimated. 

Fig. has been plotted from Eq. 23. The lower line represents ap- 
proximation valuesof whereas the other curves represent the 
the first approximation for several values The major deviation found 
when y/D larger than 0.5. Eq. provides simple constructing 
the large scale charts needed for every day use. 


EXAMPLE 


Data from pumping test conducted near Mosca, Colorado 1954 are used 
the following example illustrate the use Fig. determine aquifer 


FIG, 1.—SECOND APPROXIMATION DOWNDRAW 


characteristics. was previously reported Zee, Peterson and Bock. 
The pertinentdateareQ 167 gpm 0.37 cfs, ft, 25.8 andare 
given Table 

Procedure.—Plot versus r//t ontransparent log graph paper the same 
scale the master chart (Fig.1). Match the resulting curve the proper 
curve the master chart for the situation y/D 0.14 0.19, then deter- 
mine the point the master chart over which index point the plotted 
graph lies. For convenience the index point 1.0, 1.0 


“Flow into Well Electric and Membrane Analogy,” Chang-Hung Zee, Dean 
Peterson, and Robert Bock, Transactions, ASCE, Vol. 122, 1088, 
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DRAWDOWN 


When the curves were matched, this index fell the point 


0.68 


and 


0.00206 per sec 


This compares with values 2.23 and 2.28 per sec ob- 
tained from the original analyses. 


TABLE 2,—PERTINENT DATA 


sec 


(1) 
56,280 
70,680 
87,480 

148,680 

174,480 

232,680 


CONCLUSIONS 


second approximation treatment the case presented well drawing 
waterfrom unconfined aquifer, based upon the Dupuit-Forschheimer ideali- 
zation, has been obtained. This improved treatment accounts for the effect 
drawdown the areas availablefor the flow ground water. The ratio the 
drawdown the original saturated thickness the aquifer (y/D) therefore 
appears explicitely the improved solution. The flow conditions are speci- 


fied second parameter the form This parameter in- 


terpretable the ratio the well discharge the flow which would pass 
through cylindrical surface height and radius under the action 
unit gradient. The ration 
measure the aquifer capacity. iteration procedure described 
which the second approximation can further refined desired. 


therefore relates the pumping rate 


ADDITIONAL REFERENCES 


Boulton, N.S. Drawdown the Water-Table under Non-Steady Con- 
ditions near pumped Well Unconfined Formation,” Proceedings 


Thus: 
r 
(2) (3) (4) 
3.36 0.0970 0.15 
3.49 0.0872 0.16 
4,24 0.0535 0.19 


the Institution Civil Engineers, V3, Pt. No. August 1954, pp. 564- 
579. 


APPENDIX. NOTATION 


The following symbols are adopted for use inthe paper and for the guidance 
discussers. The dimensional characteristics are indicated parenthesis. 
The terms and represent length and time respectively. 


original saturated depth the unconfined aquifer, (L); 


2.61828 
permeability the aquifer, (L/T); 
derivative; 
flow the well, here considered constant, (L3/T); 
radius drawn from the center the well, (L); 
time, (T); 

Dimensionless); 

drainable voids the aquifer ratioto the gross volume, 

(Dimensionless); 
drawdown the water table caused pumping the well, (L); 
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METHODS APPLYING IRRIGATION 


SYNOPSIS 


The factors influencing the selection method applying irrigation water 
farm are described general. The various methods irrigation and 
brief discussion the conveyance and distribution systems used for providing 
irrigation water individual farm are presented. 


INTRODUCTION 


Engineers are usually concerned withdesign and construction more 
complicated, and somewhat more glamorous structures irrigation sys- 
tem for individual farm. This paper intended furnish the engineer with 
applying irrigation water individual farm. These factors are all very 
important and cannot bypassed. The application irri- 
gation water land may number methods which fall into seven 
principal categories. Each these methods described and each one would 
the best method under given set conditions. farm may divided in- 
number fields, each which could irrigated different method 
from that used other fields the farm. general description the three 
principal methods conveying water the farm and points each 


Note.—Discussion open until February 1961. extend date one month, 
written request must filed with the Executive Secretary, ASCE. This paper part 
the copyrighted Journal the Irrigation and Drainage Division, Proceedings the 
American Society Civil Engineers, Vol. 86, No. September, 

Paper presented the Irrigation and Drainage Division, New Orleans, Louisiana, 
March 7-8, 1960, 


proj. Mgr., Kansas River Proj., Bur. Reclamation, McCook, Nebr. 
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field given and also described are the methods used for distributing irriga- 
tion water ditches laterals for service the individual field. This in- 
formation furnished that the engineer may more intelligently advise farmers 
irrigation matters. 

attempt has been made relate consumptive use eachcrop the de- 
sign the irrigation system. considered that this factor has principal 
influence frequency irrigation rather than method. 


INFLUENCING FACTORS 


There are five major factors which influence the selection method 
applying irrigation water which are; effective growing season 
(2) intake rate and capacity for available water soils; (3) topographic re- 
lief and soils; (4) crops irrigated; and (5) cost applying water. The 
selection method water will influenced one acombina- 
tion these factors. There may several different methods used farm 
operatoron singlefarm unit. irrigation best foracer- 
tain combination factors. 

Effective Growing Season Rainfall.— This factor, more than any other, the 
one which lends credence the common statement that irrigation humid 
regions isdifferent from that thearid regions. When referred tointhe humid 
areas, the word “irrigation” usually preceded the word “supplemental.” 
fact, there such practice supplemental irrigation; however, 
readily understandable that irrigation this instance considered some 
supplement the rainfall. When farm irrigated, rainfall merely supple- 
ments the irrigation. Inthe more arid regions there very little usable rain- 
fall during the growing season, whereas the humid regions, there are rains 
yielding sufficient volume moisture completely replace application 
irrigation water. conceivable that these rains may spaced that 
optimum moisture for crop production may result without irrigation. 

Contrary common belief, the probability occurrence these 
tates larger capacity the delivery system than would required there 
were less probability such rains. Because the low probability benefi- 
cial rains arid regions, the frequency and dates irrigation are influenced 
date planting, type crop, soil moisture, etc. The farmer well 
regulate the dates forirrigating certain crops that minimum capacity will 
required the system. The practice rotating irrigation among farmers 
frequently used. When this done, each farmer notified the beginning 
season the days during the irrigation season whenhe will 
receive water for his farm. 

larger capacity the delivery system required when operated 
“demand” basis. areas where there good probability rains having 
controlled the farmer. After one these rains has occurred area, 
the subsequent need for irrigation water becomes more nearly simultaneous 
for all farms and all crops. readily apparent that “demand” system 
meet all requirements any time would dictate much greater capacity than 
“rotation” system where takes his water regardless rain- 
fall conditions. 

Irrigation the humid regions will also require greater farm conveyance 
system capacities fordelivery water than arid regions, but the total volume 
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IRRIGATION WATER 


water required for theirrigation season will greater arid regions than 
the humid regions because there only small amount usable rainfall 
supplement the irrigation requirements the arid regions. 

course, the intensity rainfall will have marked influence the se- 
lection method applying irrigation water. heavy imme- 
diately following irrigation, when the soilsare already saturated, may cause 
serious erosion the topsoil. The amount such damage would dependent 
upon the nature the soils and the topography. 

Intake Rate and Capacity for Available Water Soils.—Intake rate the 
rate, generally measured inches water per hour, which water moves 
into the soil. This factor has great influence determining the method 
applying water. Ifthe intake rate high, may virtually impossible apply 
water surface methods because the required flow water would excep- 
tionally large. Conversely, the intake rate low, the application irri- 
gation water would such small quantities that almost continu- 
ous meet the plant requirements. 

Available water soils the volume water the soil which readily 
available for plant use. This usually measured inches water per foot 
soildepth. Generally speaking, the available water soils inversely pro- 
portional the size soil particles. This factor influences the frequency 


TABLE 1.—INTAKE RATE AND AVAILABLE WATER SOIL CLASS 


Soil Class Intake rate, in, per hr. Available Water, in. 


per depth 
(3) 


(1) 


Sands 0.25 0.75 
Loamy Soils 0.75 
Sandy Loams 1,00 
Fine Sandy Loams 
Clay Loams 1.50 
Clays 2.00 


irrigation since soils with large capacity for available water would need re- 
placement its available water less frequently than would soils with small 
capacity. The capacity for available water not only dependent upon the vol- 
ume voids filled water but also depends the size the voids 
Since the water heldin available range capillarity. sandy soil holds 
little available water because the larger voids and rapid percolation water 
below the root zone plants. 

may observed from Table that available water varies inversely 
the intake rate varies. 

should apparent from Table that sandy soils would require frequent 
light applications water and that clay soils would require infrequent heavy 
applications water. The length time required for each irrigation clay 
soils would much greater than for the sandy soils. 

Topographic Relief and topographic factor has perhaps the great- 
est influence the selection method applying irrigation water. Topo- 
graphy cannot considered alone but must considered relation soils. 
These factors will influence the length run, the length time required for 
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each irrigation, waste water from the field, loss topsoil erosion, and 
farm labor costs. must remembered that some theseitems are effect- 
the intake rate and erodability the soils. 

The length generally, where not controlled size and shape 
field, determined the size the irrigation stream and the intake rate. 
simple rule thumb for determining the size irrigation stream gpm 
tendivided slopein percentage. For example, the slope field 
clay loam (Table and the row spacing in. theintake rate would gpm 
per 100 row; Therefore, gpm irrigation stream would supply water 
row 500 long. the rate 0.3 in. per for clay loam, would require 
about restore the available water each foot depth soil. Where the 
ground surface undulating and short irrigation runs result, might nec- 
essary modify the ground surface land grading. 

The danger soil erosion one the greatestconcerns planning ir- 
rigate afarm. Erosion soils the humid regions more apt caused 
heavy rainfall than the application irrigation water. Where soils are 
damage the soil will not result from erosion deep soils which meet all 
other tests irrigability buterosion may serious enough require expen- 
sive curative measures irrigation. The erosion problem becomes 
more severe the depth soil becomes less than ft. 

considering shallow soils, the question slope and water depth the 
land surface, modified soil texture and structure, become paramount. The 
writer knows finite method determining the percentage slope which 
can safely cultivated without erosion intense rainfall. For lack bet- 
ter method, attempt made utilize the tractive force theory which has 
been applied canal design. Tractive force (psf) computed the formula 
(weight water, per ft) times (depth water, ft) times 
(slope, ft/100). Limits tractive force have been established for various 
soil types through research. Considering two methods irrigation, fur- 
rows andcorrugations, Table showing maximum limiting slopes 
ed. 

should emphasized that the limits slope shown Table are for 
areas subject severe storms which would result full water depth for fur- 
rows in. and for corrugations in. and resulting erosion. These are 
extreme conditions and experience has shown that use good judgement and 
management should warrant irrigation slopes least twice steep the 
computed slope without danger serious soil erosion heavy rainfall. 

Crops Irrigated.—This factor somewhat less important than the 
others selecting method applying irrigation water. Most crops can 
grown number methods irrigation. Generally, the method used for 
various crops must consideration the need for and method cultiva- 
tion and the method harvesting. 

Certain crops such corn, potatoes, onions, milo, dry beans, cotton, peas, 
sugar beets, sugar cane, etc.,can more readily cultivatedand harvested when 
planted rows. these cases furrow irrigation the most practical. 

Alfalfa harvested several times each season and does not require culti- 
vation control weed growth. Itis usually irrigated corrugation, border 
flooding from field ditches. Small grains are also irrigated the same 
methods with the corrugation method being used predominately. 


= 
a 
a 

4 

{ 
q 4 


IRRIGATION WATER 
Pasture irrigation differs from thatof other crops that plants have com- 
paratively shallow rootsystems and small applications water in- 
tervals are suggested. Although irrigated pasture has about the same total 
water requirementas alfalfa, much applications water are re- 
quired. Water moves over sod more slowly than similar land planted alfalfa 
small grains. Flooding and border methods ofirrigation are the most com- 
sprinklers. 

Rice irrigation widely practiced such states Arkansas, Louisiana, 
and Texas. Rice grown essentially the same way other small grains 
more, during the growing season. Because the necessity hold water 
the surface for period time, find textured soils with very lowin- 
take rate are most suitable. During muchofthe growing season, 
the water depth maintained about maintain uniform depth, the 
only suitable method irrigation with basins. 

Other crops such orchards and vegetables may irrigated different 


methods meet specific conditions. Other factors discussed herein influence 
the method more than the crop itself. 


TABLE 2,—PERMISSIBLE SLOPE SOIL TYPE 


Tractive Computed permissible Safe permissible slope, 
force, slope, percentage percentage 
per Corrugations 


Furrows 
(3) (4) (5) 


(2) 


uo 


(6) 


Sand 

Loamy sand 
Sandy loam 
Fine sandy loam 
Clay loam 

Clay (heavy) 


couc 


Cost Applying Water.—In selecting method irrigation, cost becomes 
important item. Where acropcan irrigated one more methods, 
the method selected dependent upon the first cost and the annual cost. 
many cases, the first cost may high but the annual cost, particularly the ex- 
penditure labor, may lower than any other method. course, where only 
one method irrigation can used, such the case rice, the cost 
preparing theland willdetermine whether not the farm will used for rice. 

The costof landdevelopment required utilize some certain method ir- 
rigationis strictly computation the excavation required modify 
the topography that the particular method may utilized. The initial con- 
struction costs irrigation systems may low dollars per acre. 
Although the initial costs constructing irrigation system may low, the 


resulting efficiency the system below and the result would re- 
duction net crop returns. 


- 
Soil type 
_ 


METHODS IRRIGATION 


For economical and efficient distribution irrigation water, the operator 
must have complete control the water flows from the head citch onto 
the land. When uncontrolled streams water are turned into fields, waste, 
inefficiency, and uneven distribution are almost certain result. The most 
common methods ofirrigation are: furrow, corrugation, border, basin, flooding, 
sprinkler, and subsurface irrigation. For given setof conditions, one these 
methods should selected the most desirable. 

furrow method irrigationis most commonly used for such 
row crops potatoes, corn, fruit, vegetables, cotton, sugar beets, and sugar 
cane. The furrows are ordinarily made during the process cultivation. Un- 
der usual conditions, furrow in. wide and in. deep normally used while 
the crop young and thefurrow made wider and shallower the crop ma- 
tures. Furrows are most commonly rundirectly slope, but sometimes 
can run the contour control rainfall. Furrows maybe run 
across the slope the field keep rectangular for ease cultivation and 
keep the furrow lengths uniform, but care should taken prevent over- 
topping the furrows and breaking them. 


TABLE 3,—SUGGESTED LENGTH 


Slope, Loamy sands Sandy loams 


(1) (2) (3) 


Silt loams 


(4) 


Clay loams 


(5) 


0-2 250-400 300-660 660-1320 880-1320 
2-5 200-300 200-300 300-660 400-880 
5-8 150-200 150-250 200-300 250-400 


Measured 
Irrigation Adviser’s Guide, Dept. the Interior, Bur. Reclamation. 


Unnecessary water loss will occur the furrows are too long. The initial 
irrigation stream eachfurrow should large enough get the the 
furrow rapidly without excessive erosion and then should cut back close 
practical toastream equal the intake rate thefurrows (Table 4). Table 
presents some suggested lengths run for various slopes and soil textures. 

generalized table for converting intake rate per gal per min 
per 100 furrow for various furrow spacings presented Table 

review the “Influencing factors” previously described 
conclusion that the furrow method ofirrigation the most efficient and econom- 
ical for row crops. the humid areas where heavy rains may occur during 
the growing season, furrows should used down slopes where the slopes are 
not steep for the specific soil type. Where slopes exceed the safe permissible 
slope shown the furrows should run across slope, they should 
run contour betweendikes spaced prevent heavy rain runoff 
ting across the furrows. 

are shallow furrows running down the slope 
from head ditches and are used forirrigating close growing crops such grain, 
alfalfa, pasture. The water soaks laterally through the soil, wetting the area 
between the corrugations the depth the root zone. This method gener- 
ally used fine textured soils that take water slowly and land that mod- 
erately steep irregular. Corrugations are generally in. in. deep and 
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IRRIGATION WATER 


are spaced from in. in. apart. The streams used corrugations may 
vary from gpm depending slope and soils. The length run should 
about the same (Table 3). This economical and efficient 
method irrigating crops which are adapted its use. Based Table 
highly desirable method use steep slopes with fine textured soils. 

number strips separated low flat dikes usually running the direction 
greatest slope, preferably uniform grade. The field must level be- 
tween border dikes, that is, normal the direction the dikes and the dikes 
should constructed permit farming across them, usually ‘about 
wide and fthigh. These strips may vary from width andfrom 
200 1,500 length, depending the size the available stream wa- 
ter, the intake rate the soil, and the slope the land. 
rigation advance sheet water down the narrow strip land, allowing 
the water enter the soil the sheet advances. Care should taken de- 
sign the system that the required amountof water has been delivered the 
strip between the dikes the time the leading edge the sheet water has 
reached the end the field, thus reducing surface waste. 


TABLE 4.—INTAKE RATE AND FURROW SPACING 


Furrow spacing, 
Intake Rate, 


in, per 


ul 

© 


This method ofirrigation most small grains, hay, and pasture. 
canbe usedon wide range soil textures butis not generally recommend- 
for fine textured soils with low intake rate. 

Slopes inexcess are undesirable. Where slopesare more than 3%, 
might desirable run the borders slope the land ter- 
races between the borders. This fairly expensive land leveling operation 
but itis one-time expenditure and when capitalized overalong period years 
may prove the least expensive method irrigation from the standpoint 
annual cost. Three requirements for the use the border method are re- 
latively large streams irrigation water, gentle topography, and careful land 
grading. 

general guide for the design the width and length border strips for 
various soils and sizes irrigation streams presented Table 

Basins.—The basin method irrigation consists running large streams 
water into level plots surrounded bydikes. This methodis especially adapt- 
land that nearly level and may used wide variety soil tex- 
tures and crops. This method may used fine textured soils where, be- 
cause the low intake rate, necessary hold water onthe surface se- 
cure adequate penetration. When irrigating, basins are rapidly filled with wa- 
ter depth sufficient replace the available waterin the soil(Table 1). Be- 


ad 

0.25 1,04 
0.50 
0.75 3.08 
1.0 
3.0 12,36 


cause the cost leveling the fields, its use restricted extreme- 
flat land. may the cheapest and most efficient method irrigating 
small, odd shaped, fields acres. 

crop canbe raised this method pasture, 
orchards, hay, small grains, and many row crops, although may restrict cul- 
tural practices. the only method adapted the irrigation rice where 

This method suited large streams irrigation water, rapid irriga- 
tion, and small amount labor. the humid areas, where heavy rains may 
occur anytime the year, special care should taken provide adequate 
drainage relief for each basin. 

flooding method used most generally for the irrigation 
pasture. Field laterals are constructed the contour having grade not 
more than 0.1 per 100 ft. Water divertedfrom and allowed 
flow, uncontrolled, over the land. Field are usually close enough 
together collect the runoff water, before allowed concentrate 
swale, and then the water thus collected the lower lateral redistributed 


TABLE 5,—SUGGESTED WIDTH AND LENGTH BORDER 


Soil textures 


(2) (3) (4) (5) 


Irrigation 
stream, 


0.5 200-300 330-550 550-770 
0.5-1.0 330-440 550-770 660-880 
440-550 550-770 660-1,000 
550-660 660-880 880-1,320 
660-770 880-1,320 1320-1,500 


Measured feet. 
Irrigation Adviser’s Guide, Dept. the Interior, Bur. Reclamation. 


over the next lower field. This perhaps the least expensive method irri- 
gation from the standpoint first cost. fully irrigate all the land below 
the ditch will require great deal time and work the irrigator. When this 
method used, the farmer generally figures that less than 100% the land 
will irrigated and tends balance the cost labor against the crop value. 

Sprinkler.—This method the application water the surface the soil 
spray, somewhat rain. adapted most soils that can beirrigated 
and particularly adapted sandy soils which take water rapidly, soils that 
are too shallow, too steep, too rolling beirrigated Small 
streams water may used efficiently sprinkler irrigation with little 
field runoff. adapted all major farm crops rice. 

There are certain limitations the use sprinkler systems. Water dis- 
tribution effected wind causing, some cases, unequal distribution 
water when the wind gusts. Annual operation and maintenance costs 
(including power costs) are usually higher than for other methods. The water 
that used must beclean and free debris, and constant water supply isde- 
sirable for the most economical use the equipment. 


Sandy Silt Loam Clay 
1,000 gpm Width Length Width Length Width Length 
(1) (6) (7) 
q 
at 


The use sprinkler systems for irrigation has developed rapidly the 
humid area over the past few years. this area, the production crops 
not fully dependent upon irrigation, however, during periods drought there 
may serious crop losses. Many farmers have found that pays 
sprinkler system which can used case drought, because the rapidity 
with which the system canbe placedin operation when needed. Allother meth- 
ods irrigation require that the farm prepared for irrigation before crops 
are planted the spring. Once this done, the farmer should irrigate with- 
out waiting for severe drought condition occur. 

irrigation requires complete control the eleva- 
tion the water table that the plant root zone the soil kept free from 
excess water continually supplied with capillary moisture during the grow- 
ing season. Lands suitable for this method irrigation are rather limited 
extent and occur very few farms. 

Soils best adapted this method are those that permit rapid lateral and 
downward movement water yet are capable providing moisture capil- 
larity from the water table throughout major portion the root zone. The 
topography should smooth, uniform, and approximately parallel the water 
table. Many crops are adapted this method irrigation but orchards are 
not usually adapted methodis supplemented the other meth- 
ods irrigation. 

When natural conditions prevail which will permit subsurface irrigation, the 
farmer indeed fortunate because optimum crop production can had with 
little expenditure money. The largest area practicing subsurface ir- 
rigation southérn Florida. this area, the subsurface drainage system 
also used irrigation system and possible regulate the ground- 
water within very narrow fluctuation even after very heavy rainfall. 


DISTRIBUTION SYSTEMS 


The farm distribution system should laid out most efficiently serve 
each field after the method irrigating the field has been selected. Water 
generally made available the high point each farm and distributed 
gravity from the point. When this true, the distribution system should con- 
sist main ditch laterals head ditches. ditches are 
used provide even distribution over each field. variation this system 
would combination main ditch and alow pressure pipe lateral system with 
gates for each turnout each furrow. The notable exception would, course, 
the high pressure pipe system whichis usedin connection with sprinkler ir- 
rigation. This system often used when the water supply either pumped 
directly from the stream pumped from well. 

Open Ditch System.—The main ditch should built capacity sufficient 
carry all the water available the farm. many the western states, 
the permissible stream diversion islimited rate basedon cfs for cer- 
tain number acres. For instance, the Nebraska law limits the diversion 
for acres. Because the coincidence extreme drought over large 
and the occurrence hot dry winds, the permissible limit 
should much greater the than generally usedin arid areas. 
the water supply not limiting factor, the main ditch should designed 

The main ditch should, most cases, constructed permanent ditch. 
The capacity should reduced are taken off it, with the residual 
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capacity being determinedfrom the area remaining below the lat- 
eral. Laterals head ditches can designed the same criteria shown 
Table Ditches should run grades not exceed 0.1 per 100 
with appropriate drop structures where necessary use excessive head. 
The ditches should that the water surface can raised in. 
above the initial ground surface the field irrigated. The main ditches 
wide. 

Water usually diverted from the head ditch lateral the furrows 
using siphontubes spiles. The size dependent upon the de- 
sired flow the furrows. Tabel shows the discharge for various 
size siphon tubes operating under different heads. 


TABLE 6,—SUGGESTED DITCH CAPACITY BASED IRRIGABLE ACREAGE 


Irrigable acres 
farm 


(1) 


Ditch capacity, 
cfs 


(2) 


Irrigable acres 
farm 


(3) 


Ditch Capacity, 
cfs 


less 


TABLE 7,—DISCHARGE CAPACITY SIPHON TUBES 


Head Inches 


Tube size, 


in, 


When the border, basin, flooding method irrigation used, may 
necessary use several siphon tubes provide the required discharge. When 
permanent borders basins are built, often desirable build perma- 
nent turnout structure the ditch bank. 

Low Pressure Pipe Lines.—A very efficient method conveying and dis- 
tributing farm irrigation water through the use low pressure pipe lines. 
This method has many advantages that practically eliminates evaporation 
and seepage losses, reduces maintenance work, improves water control, and 
eliminates the ditch bank weed problem. Although costs are 
higher than for open ditches, the overall annual costs are often less. 

These systems may permanently buried concrete pipe they may port- 
able light weight metal pipe. These systems may built any combination 
permanent buried pipe and portable pipe. Heads should not exceed and 


1.0 120 5.0 
3.0 160 200 7.0 


IRRIGATION WATER 


TABLE 8.—FACTORS INFLUENCING THE SELECTION METHOD 
APPLYING IRRIGATION WATER 


Major Influencing Factors 


Method Effective Intake rate Crops Cost 
applying irri- growing and capacity relief and irrigated applying 
gation water season for available soils water 
rainfall water soils 


(1) (2) (3) (4) (5) (6) 


Furrow Hazard Adaptable Uniform Row crops Most economi- 


erosion most all slopes (sugar beets, when uni- 
down steep soil textures 0.25% |corn, cotton, |form slopes 
slope 2.5% vegetables, are not over 


sugar cane, |2.5% 


etc.) 


Corrugations Can used 
compara- 
tively steep 
slopes and 
heavy rainfall 


Fine textured 
soils with 
low intake 


Irregular 
fields, short 
runs, and 
slope 
8.0% 


Most econo- 
mical first 
cost. Re- 
quires mod- 
erate labor 


Close growing 
crops (grains, 
hay, and some 
vegetables) 


Borders Can distri- 
bute water 
rapidly. Not 
damaged 
heavy rains 


Smooth uni- 
form slopes 
not over 
3.0% 


Not desir- 
able fine 
textured soils 
with low in- 

take rate 


Small grains, 
hay and pas- 
ture 


Economical 
where heavy 
land grading 
not required. 
Moderate 
labor re- 
quired. 


Will accom- 
modate heavy 
rainfall with 
required 
drainage 


Adaptable Level land 
all soil tex- 


tures 


Most all 
crops. Only 
method for 

rice. 


Where heavy 
land leveling 
not required 
costs are 
moderate. 
Labor costs 
are minimum 


Flooding 


Heavy rain- Coarse Irregular 


Pasture First cost 


fall permis- medium tex- fields and native hay very low. 

sible tured soils topography Annual labor 
with high with slopes high for 100% 
intake rate 8.0% coverage 


Sprinkler Heavy rain- All soils Undulating |All crops First cost, 


sible cularly good permissible and labor 

coarse with slope costs are 

textured con- high 


soil sequence 


Subsurface 


Rainfall 
item with 
controlled 
subsurface 
drainage 


Loam 
sandy loam 
soils with 
good lateral 
movement 
water 


Surface 
should 

smooth and 
paraliel 
water table 


Most all 
crops ex- 
cept or- 
chards and 
rice 


Minimum 
first cost 
and mini- 
mum labor 
cost 
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preferable keep the head below ft. Since the pipe line has fixedca- 
pacity, the pipe size should ample capacity which may some- 
what less than would indicated Table The most common practiceis 
construct main ditch system reaching the high points each farm field then 
using the pressure metal pipe moveable lateral system. These 
pipes usually have small gates them, which are opened serve the individ- 
ual furrows. When this combination system used, important provide 
trash screen the inlet the pipe prevent clogging the spreading 
undesirable weed seeds. 

High Pressure Pipe pressure farm irrigation systems are used 
convey water for irrigation with sprinklers. Initial installation costs and 
annual costs are usually higher than for comparable open ditch low pres- 
sure pipe line systems, but lands well adapted for surface methods irriga- 
tion often can successfully irrigated sprinklers. The system may 
either permanent buried pipe portable metal pipe combination the 
two. Since sprinkler use water, with little seep- 
age loss and little waste deep percolation field runoff, the recommended 
system capacity should about one-half that recommended for 
Table 

Pressure systems are most commonly used connection with pumping 
water supply either from streams wells, and general the same pump will 
provide the pressure the system used for diversion the water sup- 
ply. These systems usually operate under heads not less than psi and 
usually the headis about psi. some cases, wateris supplied farm fields 
openditch system and portable pump and portable pipe sprink- 
ler system the water distributed over the field. 


CONCLUSIONS 


complete plan for irrigating farm should prepared before installing 
system. The farm should, nearly possible, divided into permanent 
fields based soils and topography, and method selected forirrigating each 
field. This will provide the basis for designing the water supply and distribu- 
tion systems. will alsohelp determine those fields which may require some 
modification the topography land grading. Table providedasa simpli- 
fied aid selecting the method irrigation for various fields. 

The final selection the water supply and distribution system, methods 
fields, and the types crops grown will dependent not 
only the initial cost development but also the annual cost materials 


and labor. Under present day conditions, the annual labor cost majorim- 
portance. 
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COMPUTER APPLICATIONS GROUNDWATER HYDROLOGY 


Joseph Foley,! A.M., ASCE 


SYNOPSIS 


The Theis equation adapted for computer solution four types prob- 
lems inherent many industrial well-water developments. These types are 
(1) drawdown computation, (2) aquifer constants “T” and “S,” (3) well spac- 
(4) capacity well system. Objectives, equations, computation se- 
quence, print-out results and computer time are outlined for each problem. 


Computer programs have been developed for the solution four general 
types hydrological problems. The objective preparing these programs 
give the groundwater hydrologist rapid and accurate means solving 
these types problems for any conditions specified for any alternate value 
variable variables. alternate objective provide prepared 
mathematical solutions which engineers, who may have only limited knowl- 
edge the details solvingthesetypes problems, may use with confidence. 

Whereas all the variables involved ground water hydrology may final- 
enter intothe overall problem, those main interest tothe groundwater hy- 
drologist are the two that define the characteristics the aquifer; namely, 
ing these, the usual procedure conduct aquifer test, making observa- 
tions all the measurable variables. These include pumping rate, gal- 
lons per minute, total drawdown, time, and the distance each obser- 
vation well. Once this has been done, the aquifer characteristics can 


Note.—Discussion open until February extend the closing date one month, 
written request must filed with the Executive Secretary, This paper part 
the copyrighted Journal the Irrigation and Drainage Division, Proceedings the 
American Society Civil Engineers, Vol. 86, September, 1960. 
Cons., Engrg. Service Div., Pont Nemours andCo., Wilmington 98, Del. 
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determined either (1) graphical solution using the “Type Curve” devised 
Theis,2 (2) graphical solution devised Jacob3 the basis 
modification the non-equilibrium equation originated Theis. 

Generally, these two methods have been the most widely used ground- 
water hydrology. Each involves the collection numerous observations 
frequent and brief intervals time during pumping test essentially con- 
stant rate. either case, necessary pump considerable length 
time get large number observations for plotting appropriate graph 
paper. Data obtained from these plottings are then used modified mathe- 
matical equations compute the necessary aquifer constants. Once these 
have been determined, additional computation can made determine other 
items importance with respect the groundwater hydrology and the well 
water development. Supplementary plottings and computationare usually made 
for the study such variables long-term drawdown, increased pumping 
rates, variation distances between permanent wells, the effect well yield 
interferences between wells, and the total number wells required the 
final installation develop the full amount well water desired. This work 
requires much valuable time which can significantly reduced utilization 
computer. 


DRAWDOWN COMPUTATIONS 


Program.— Drawdown computations involves drawdown observation 
well, any time, the non-equilibrium formula with known assumed 
values aquifer constants and pumping rate. This computer program solves 
for the drawdown “s” observation well the Theis non-equilibrium 
equation. 


The computation based the fact that all factors the equation have 
assigned constant values except the solution the problem, values 
are selected for which values the drawdown are computed. The 
objective preparing program for this type solution provide rapid 
and accurate method for computing drawdowns for variety conditions. 
eliminates the necessity resorting graphs, tables formulas. 

The practical uses for this program might include the following: 


Forecasting performance number observation wells during in- 
tended pumping test based upon assumed values 

Readjusting the spacing observation wells insure significant 
down observations within the scope intended pumping test. 


Relation Between the Lowering the Piezometric Surface and the Rate and 
Duration Discharge Well Using Ground Water Storage,” Theis, Trans- 
actions, Am, Geophysical Union, pt, 1935, pp. 519-524. 

“Drawdown Test Determine Effective Radius Artesian Well,” Jacob, 
Proceedings, ASCE, May, 1946, pp. 
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COMPUTER APPLICATIONS 


Determining the limit time for test pumping, beyond which the rate 
drawdown per day any observation well may insignificant with respect 
other factors affecting water level. 

Conducting rapid check the accuracy computed values andS 
computing drawdowns for comparison with test observations. 


the solution, values are assigned and Actual the type 
formation may available from other tests. The values may also esti- 
mated based upon known geology, possibly from geological test holes drilled 
the site todetermine the depth, thickness and extent water-bearing forma- 
tions. Normally, the known for each observation well 
the intended pumping rate. The only unknowns than Therefore, 
may solved for any specified value series values 

Computation Sequence.—Generally, the computer procedure involves the 
operations computation, control tests magnitude values, placing values 
working storage, print-out desired values and recomputation for succes- 


values The follows illustrates the computer procedure 


Compute “u” Test 
Compute Series Term Test 
Add Series Terms 
Subtr “u” 
Subtr 0.577216 
Compute “s” 
Compute 
Print Out 
Test “t” Test Test Counter Stop Comp. 
Recompute for next 
value “t” 


Control Tests.—The program contains the following control tests par- 
ticular significance with relation limiting the computations the proper 
hydrologic scope. 

For series term error.—As long the value exceeds the factorial 
number the denominator, the value the series term increasing. After 
this the value decreases and reaches value beyond which has signifi- 
cant effect upon the computations. error factor has been specified such 
that the computer will stop computing series terms when the value series 
term becomes less than the error factor. This factor item input data 
and can changed desired. 

For rate drawdown.—The main portion computation the computer 
program involves each successive day pumping. 
control figure has been included part input data which will stop this 
portion the computations when the increment drawdown from one day 
the next less than the specified control figure. This control figure may 
assigned any value desired. 

Data Print-Out.—Fig. sample the print-out obtained computa- 
tions are completed. Note that first prints the assigned input data values 
and This then followed tabulation listing first the values 
specified, then the corresponding computed values the drawdown This 
the actual print-out made the computer. referred floating 
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decimal form. the floating decimal form, the decimal always printed 
the same place shown. Thetwodigit number immediately the right the 
seven digit number indicates correct location for the decimal point with refer- 
ence the printed location. The two digit number specifies the number 
places which the decimal moved. This movement the left fol- 
lowed minus sign, otherwise the right. Fig. the same data edited 
fixed decimal form and shown matter information. 

Note that the computer always prints out seven-digit number Fig. 
irrespective the number significant figures usable shown Fig. 
Also, computers such the LGP-30 (that used the author), which must 
convert decimal number binary floating point for internal processing, 
are subject tiny error conversion called truncation error. For exam- 
ple, the first value t=0.354 printed the computer Fig. 0.3539999. 

Duringthe process computation, numerous values computedare placed 
working storage the computer. For any given value “t,” the values placed 


GROUND WATER CALCS. GROUND WATER CALCS. 


.5695532 0.708 5.70 
.4093049 1000 40.93 


FIG, 1.—COMPUTER PRINT-OUT 
(FLOATING DECIMAL 
FORM) 


FIG, PRINT- 
OUT (FIXED DE- 
CIMAL FORM) 


working storage may retrieved and printed desired. For example, 
Fig. alternate print-out data from the same problem Fig.1. The 
headings the various columns will recognized factors which are 
specific interest most groundwater computations. The computation and print- 
out each line data shown these figures requires only about sec. 
Scope Problem.—Inthis program, the scope the computations limited 
only the number values for which the hydrologist desires values 


drawdown. For purposes computation, these values tare divided intothree 
classifications. 


Values less than one day: Any number values eighteen 
can specified. These individual specific values are entered input 
data order increasing magnitude. The computer will take them this 
order and compute the value corresponding each. 

Values for whole days: After completing the computations for all 
values less than one, the computer will begin calculating drawdowns for 
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COMPUTER APPLICATIONS 


successive days until the rate drawdown from one day the next becomes 
less than the control figure explained previously. input data are re- 
quired for this step the program. 

Long term values When the computer has completed the computa- 
tions step then goes the computation drawdowns for specific long- 
term values Provision has been made the program include many 
nine specific long-term values for When the computer has completed 
computations the specified long-term values will automatically stop 
and reset itself receive alterations the input data. 


Time.—An estimate the total amount time involved completely hand- 
ling problem containingten values would showthe preparation for the in- 
itial run involve min for input data sheets, min for checking computer 
sub-routines, min for loading program tape, min for loading input data, 


S. 


1890000 


2720 
24000000 Ol .3924393 .2699986 O1 .1350636 02 .1373657 .~.7675225 Ob 

6 -81822 4093049 


FIG, COMPUTATIONS ALTERNATE 
PRINT-OUT 


and min for the computer accuracy check. The operation (involving compu- 
tation and print-out) takes min making total time initial run min. 
The supplementary runs involve min prepare and alter min for 
operation computation and print-out producing total time min. 


AQUIFER CONSTANTS FROM TEST DATA 


Program.—Aquifer constants from test data involved solution for coeffi- 
cients transmissibility and storage using data obtained during aquifer 
pumping test. This computer program has been designed take successive 
observations drawdown and time and compute values and that fit the 
Theis equation. 

With electronic computer mathematical solution the Theis equation 
can obtained relatively short time with minimum two observations 
drawdown and time. series values and can also obtained, 
each related specific observations. 

Unlike the graphical methods, numerous observations immediately after 
pumping starts are not necessary. Relatively few observations, several hours 
after pumping starts probably will constitute the most useful computer data, 
the majority cases. pumping test runs longer than one day,a few ob- 
servations eachday may adequate for computer purposes. 
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Major advantages the computer solution are follows: 


Elimination the hectic pace the beginning pumpingtest obtain 
numerous drawdown and time observations. 

Reduction the quantity data, the number recorders and the per- 
sonnel required obtain observations. 

Elimination the need for plotting, together with the need for estimat- 
ing match points and/or slopes. 

Replacement the single average and obtained graphically with 
series specific and values. 

Attainment valid values and regardless the rates change 
drawdown with time. 


Reduction time required process data from numerous observation 
wells. 


Utilization fragmentary data from interrupted well tests obtain us- 
able results. 


This particular program has been prepared run two steps. Step 
identified the short computation. direct rapid solution that will 
give approximate values and for use trial values the next step. 
Step identified the long computation. trial and error solution 
for the Theis equation. 

Step modified equation (normally used for large values only) 
used. Values drawdown and time days after start pumping are entered 
sequence data. The computer uses the values sequence and 


pre-selected system “pairs.” computes values “T” from the equa- 
tion 


also computes and then computes values from the equation 


Since these are straightforward computations, they can done very fast. 
From the results obtained, selected answers are used initial trial values 
the next step. 

Step the procedure used for computer solution was devised 
Blakemore and Haines. was applied the general purpose computer 
the writer. These procedures involve initial substitution approximate 
values for and computation the resulting error the computer draw- 
down and finally actual “S” and modified Newton- 
Raphson technique.4 

Computation solution, the computation the method 
previously described. Generally, the same limitations and controls apply. 
previously explained, the solution fundamentally trial and error 


“Introduction Numerical Analysis,” F.B. Hildebrand, McGraw-Hill Book Co., 
Inc., New York, 1956, 447. 


3 
| a 
| 
| 
a 
‘ 
(2) 
r 
2 
A & 
if 
i 
q 
= 


direct mathematical solution impossible. trial and error solution 
this magnitude practical only because the speed with which computer 
can operate. outline the computation sequence Step follows. 


Initial observations “s,” and 


“s* 


Calc error 


Trial values and 


“s* 


Calc %error “s” Test 


Calc new “S” 


Trial values and 


alc 
“s” and %error Test 
Observations and 


Values and 


*s* 
Calc error “s” 
Calc 


Cale “s” 


Calc “s” Test 


Calc new Newton-Raphson 
“s” and Test 


Values and 


a 
+ 
4 
4 
4 
First 
Run 


Start re-computation the beginning 
Second 
Calc diff. Test 


Start re-computation the beginning 
Print -Out 
« ” 
and 


Start next calc 


Bring 
Print-Out.—Fig. sample print-out computer results. The actual 


test flow rate gallons per minute, and the distance the observation well 


AQUIFER CONSTAITIS 
SHORT COMP 


Q 28250000 03 
#2030000 ok 
s t = 


21023000 02 2000000 01 .3072679 O3- 2143621 05 
1261000 02 3540000 .3065296 03- .2180064 05 
LONG COMP 

AQUIFER CONSTANTS 

r 22030000 Ok 


FIG, CONSTANTS FROM 
TEST DATA 


are printed first followed atabulation the observedvalues drawdown, 
andtime, proper order together with computed corresponding-values 
Sand Results for Step are shown under Short Computation Fig. 
Those for Step are shown under Long Computation Fig. and are the final 
computed results. 


Time.—The total amount time required compute values and 
Fig. are shown Table 

These time requirements are reasonable when processing the data from 
observation well, when using Step only for number observation 
wells for which provision has been made the program. the other hand, 
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TABLE 


Initial Run: Time, minutes 


Step Only Steps Combined 


Preparation; 


Input data sheets and tapes 
Check computer sub routines 
Load program tape 

Load input data 

Computer accuracy check 
Operation Computation and print 
Total time Initial run 


Supplementary Runs: 


wo 


Preparation; Data Sheets Tapes 

Load Data 
Operation Computation and Print 
Total time 


when data from numerous observation wells are run the long compu- 
tation, too much time involved the computer used. Other computers, that 
are faster this operation shall used the future. 


WELL SPACING 


Program.—Well spacing involves the most economical spacing for series 
and cost. Recognizing that spacing series wells compromise between 
hydrology and total annual cost, this computer program was prepared for the 
The cost includes the complete cost well, pump, motor, starter, pipeline be- 
tween wells, power line and power. The hydrologic factors required are 
specific capacity, maximum allowable drawdown and value be- 
yond which change drawdown relatively insignificant. 

This program uses the Theis nonequilibrium equation compute interfer- 
ences and then develops the most economical number, pumping rate, and uni- 
form spacing for line wells. The program now prepared will handle 
nine wells equal capacity. 

The program starts computing the minimum number wells required 
pump the specified total quantity water. computes spacing for these 
wells provide minimum interference and allow maximum utilization the 
total allowable drawdown for pumping based upon specific capacity. also 
computes the size pipeline required for total output well field. then 
computes the total annual cost for the well system. Next the number wells 
increased one and computations are repeated. The computer will con- 
tinue compute and print-out successive combinations wells, pumping 
rates, interferences, spacings and costs order increasing number wells. 
the number wells increased, the spacing decreased significantly, 
resulting lower investment and total annual cost. This will continue until 
the cost adding wells exceeds the saving reduced spacing. this point 


the decreasing cost reversed and increase. total annual cost ob- 
tained. The computer then stops. 
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The total drawdown was defined 


which =the drawdown due interference from any single well, defined 


This applies short term values are notused. Inthis problem are on- 


concerned with relatively long term values This equation can re- 
written 


For series wells ina line, the distance from the central well wells 
each side 2r, 3r, 4r,and on, where the uniform spacing between 
all the wells. Let equal the number wells and series the sum 
the multipliers for then the final equation solved 


series] 
A errr re 


developing this program, consideration was given the fact that nearly 
all industrial well-water systems are expanded installation additional 
wells the future. Allowance made for both present and future conditions 
these computations using the central well wells the “control” 
computing the total drawdown due interference. This figure applied 
equally all wells, even though recognized that, initially, the end wells 
will have significantly less interference. this way, uniform spacing for 
all present and future equal-capacity wells obtained. 

maximum nine wells line was selected because this was adequate 
for interference computations the central well the systems considered 
the initial problems. The computer has adequate capacity handle much 
larger systems necessary. relatively simple job rewrite the pro- 
gram when system must consist more than nine equal-capacity wells. 
alternate procedure would simply prorate that portion the total quan- 
tity water than canbe produced from system nine wells less and then 
compute the most economical individual well capacity and spacing. This same 


capacity and spacing may sufficiently accurate apply all wells the 
system. 
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Computation explained previously, the first step develop- 
ing this program was rearrange the Theis equation for solution for any 
known and known values specific capacity and number wells. 
Using the computed values the investment and annual cost related dis- 
tance are computed and totaled. The outline sequence used the com- 
puter solution this problem follows. 


Calc Min. No. Wells 
Calc due Sp. Cap. 
allowable 
Cale B/2 
Calc 
Cale Series 
andr 
Cost Power 
Calc Well Invest. 
Calc Power Line Invest. 
Calc Pipe Diam. Invest. 
Calc Annual Fixed Chgs. 
Calc Power for Pumping 
Total Annual Cost 
Print-Out 
Test Annual Cost 
Increase 


Re-compute 


Fig. print-out results sample problem. The first tabulation 
listing pertinent input data required, including both the hydrologic data 
and the unit cost data. The next tabulation gives the computed results start- 
ing with the computed minimum number wells andadding one well eachtime 
until the variable investment (TOT INV) and annual cost (C) start increase. 
this point computation automatically stops and the computer resets 
receive new data. 

Fig. plotting these results, showing that the minimum portion 
the cost curve quite flat. The results must, therefore, examined 
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the most favorable spacing that truly represents significant economic saving 
relation the next larger spacing. One refinement this program would 


stopthe computation when significant reductionin spacing results inon- 
minor reduction cost. 


WELL ACING 

Sp Cap -7399999 Ol 

GPM 

Pipe $/"/ft 1000000 Ol 

Cable $/f 

$ /KwH -5999999 

23000000 O01 .6666666 0 -1400000 02 909911 15 06 
6000000 O01 .3333333 03 .1400000 5495495 02 -41433 
7000000 2857142 138948 02 2397013 05 
-8999999 01 .2222222 03 .1400000 02 9996996 02 395382 05 


5.—WELL SPACING 


FIG, 6.—ECONOMIC SPACING WELLS 


Time.—The approximate times required for system wells, within the 
scope the program prepared can summarized. For the Initial run the 
Preparation involved min for input data sheets, min check computer 
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print-out, took min, causing total time for the initial run min. The 
supplementary runs involved min prepare and load data, and min for the 
operation (computing and print-out) producing total time min. 


CAPACITY WELL SYSTEM 


Program.—Capacity well system involves the capacity number 
wells any geometric configuration including existing pumping wells, standby 
well, future wells and recharge wells. The objective this program isto pro- 
vide the hydrologist with rapid method for computing the collective capacity 
group individual wells. This problem frequently encountered 
both new and old well systems. Basically, need for the use this program 
would develop the solution for one more the following situations af- 
fecting net well field capacity: 


The interference each pumping well upon every other wellin asystem. 

The effect starting and stopping selected wells. 

The effect drilling additional wells for expansion. Expected capacity 
new wells and their effect capacity existing wells. 

The potential capacity improvement with artificial recharge. 

The overall effect improving specific capacity chemical cleaning. 

The overall effect significant changes static water level. 


problems, computations are based upon the Theis equation, 
however, programming this type problem was recognized that all com- 
putations would involve relatively large values Accordingly the following 
modified formula was used: 


Since solution this problem involves use many different values 
the interference effect various wells computed sequence, the equation 
has been re-written the form 


114.6 


the form which the adaptation used for the computer. 

This program computes the amount water than can pumped from 
system irregularly spaced wells for any specified drawdown. has ca- 
pacity for wells any configuration layout ten wells. Pumping wells, 
recharge wells, and standby wells can included. very easy vary the 


sub routines, min load program tape, min load input data, and min 
for the computer accuracy check. The operation, involving computing and 
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number wells for which computation made, and vary their pump- 
ing recharge rates. The program will compute the time pumping 
quired lower water levelstothe specified allowable drawdown and will com- 
pute the radius influence. desired, definite time can specified for 
the computations. 

The program begins computing the interference that each well produces 
when pumped specified rate every other well. When all interferences 
have been computed, the computer adds the total each well. 
This, together with the drawdown due specific capacity, then compared 
with the total allowable drawdown specified. capacity pumping rate then 
computed for each well adjusting the total drawdown the total allowable 
drawdown. This the optimum pumping rate and the computer makes new 
series computations for each well using this optimum rate. Following this, 
the goal-capacity specified for the system prorated each well take its 
optimum percentage the goal capacity. The rate flow and water 
vations are then computed for operation this capacity. 

The complete procedure outlined accomplished essentially repeat- 
ing the same cycle computations three times. These computations cover 
performance (1) precent capacity, (2) optimum capacity and (3) goal ca- 
pacity. the conclusion each, separate print-out made. Between each 
series computations recomputation made and printed. the end 
the third series, the computer will automatically stop and reset itself tore- 
ceive new data. 

will recognized that each series computations actually represents 
problem condition with newdata. Obviously some situations not require an- 
swers all three these conditions. Provision has been made, therefore, 
elect one, two all three series computations desired. 

Computation following simplified sequence procedure 
set for the computer: 


“t” and “R” (If not specified) 
Calc and equation for “s,” 

Calc values “s,” for each well each 

Retain all values working storage 

Add values get for each well 
Adjust each well rate optimum 
Compute total drawdown and elevation water level 
Print-Out 
Modify: 


First Series Replace with optimum Repeat comp. 


Second Series Allocate goal “Q” each well Repeat comp. 
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Third Series Stop computation 


sample print-out obtained from this program for the 
series computations only. previously mentioned, three series com- 
putations may made. Each series will result print-out similar the 
one shown. before, the first tabulation print-out pertinent input da- 
ta. This followed with tabulation the data for each well for 
computation has been made. This includes the well number, limiting total 
allowable drawdown, either the specified computed rate flow, the com- 
puted total interference indicated the total computed drawdown, and 
lastly the final computed elevation the water level each well. 

Fig. the rate flow for each well has been specified and the resulting 
water levels computed. Fig. the computer has altered the rate flow 
each well that all wells are drawn-down approximately the limiting 
106 ft. The static level the problem elevation -15 ft. Thus, the water 
level each well about elevation -121. Figs. and the same con- 
ditions Figs. and are computed, but with well No. 100 added re- 
charge well fixed rate 300 gpm. Note that this has significant effect 
water levels the first series computations (Fig. and significant 
effect well capacity (gallons per minute) the second series computa- 
tions (Fig. 10). 

Time.—This program requires the following approximate times based upon 
system five wells for which all three series computations are 
completed. The initial run involves preparation which requires 
input data sheets, min check computer subroutines, min load program 
tape, min load input data, and min for the computer accuracy check. 
The operation computing and print-out involves min for the first series, 
min for the second series, and min for the third series. Thus, the total 
time for the initial run min. Supplementary runs involve min pre- 


pare and load data, and min for operation (10 min for each series,) for 
total time min. 


CONCLUSIONS 


These accomplishments are but small beginning terms the mathe- 
matical and technical potential for the application computers this field. 
With computers handle the mathematical details, two significant results are 
probable. Specialists ground water hydrology will capable more work 
greater scope, including research inthe application mathematics. Others, 
specifically engineers with only alimited knowledge ground water hydrology, 
will able utilize these prepared mathematical procedures required 
better work faster. 

great deal the cost involved using computers the cost the tech- 
nical time required for adapting the mathematics for use with computer, 
planning the flow diagram, preparing the detailed program sheets, typing the 
program tape, and debugging the program put perfect operating condi- 
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: WELL CAPACITIES 
~2000000 05 
«2000000 03- 


Tot GPM e1200000 O4 
"s" «1060000 03 
FIG. 7.—CAPACITY WELL SYSTEM—FIRST 
SERIES COMPUTATIONS 
WELL CAPACITIES 
03- 


FIG, 8.—CAPACITY WELL SYSTEM—SECOND 
SERIES COMPUTATIONS 


WELL CAPACITIES 
T « 2000000 5 


«2000000 03- 
Tot GPM 21200000 O4 
Lmtg "s" «1060000 03 
DAYS "t" 21825000 O4 
CONE R ~2340000 06 
WELL NO Limtg"s" GPM EL WL 
-7000000 Ol .1271396 03 «3000000 02 02 02 
-6000000 .1262909 03 «3000000 02 02 
«4000000 .1261334 03 «3000000 02 02 02 
«3000000 O1 .1236743 03 «3000000 O02 .7795722 O02 O02 
e1000000 03 .1000000- 03 3000000- .5423832 O02 02 
FIG, 9.—CAPACITY WELL SYSTEM—FIRST 
SERIES—WITH RECHARGE WELL 
WELL CAPACITIES 
T 
Tot GPM 
Lmtg Not 
DAYS "t" 
CONE R 
WELL NO Limtg"s" GPM FSsi Tot DD EL WL 
«7000000 .1271396 03 4778323 03 8604946 2 .1258688 03 .1197292- 03 
«6000000 O01 .1262909 03 04723034 03 «8703225 2 1263909 03 .1210999- 
~4000000 O01 .1261334 03 -464,7037 03 8941100 .1281363 03 .1230029- 03 
«3000000 Ol 1236743 03 4759313 03 8318137 O2 .12286423 O03 .1201680- 03 
e1000000 03 .1000000- 03 «3000000- 03 01248418 03 .9984176 O2 .1148418- 03 
SERIES—WITH RECHARGE WELL 
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tion. Once this has been completed, significant savings time and cost begin 
realized opportunities develop for reuse the program repeated 
problems. 


SUMMARY 


Four problems have been programmed for use general purpose com- 
puter. addition, the problem determining aquifer constants from test da- 
has been programmed the Univac. The economics this type work 
dictate the use computer only when the scope the job such magni- 
tude that considerable time and engineering cost can saved over previously 
used testing, graphical, and manual computing methods. 

such cases, decision needed what type and size computer 
justified. would appear that the first two types problems are more adapt- 
able digital computer, whereas the latter two are more an- 
alog. While this may technically correct, the most important consideration 
provide flexible programs for these hydrologic problems which canbe re- 
peatedly used single readily available computer with minimum effort and 
minimum cost. general purpose digital computer practical selection. 
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IRRIGATION LATIN 


Lyman Willardson,! A.M. ASCE 


SYNOPSIS 


Irrigation agriculture three representative Latin American countries needs 
competent technological guidance utilize the potential unusual tropical con- 
ditions. Non-uniform annual distribution rainfall combined with ideal soil 
and twelve-month growing season favor high agricultural development these 
representative Latin American countries through supplemental irrigation, coup- 
led with coexistent drainage excess rainfall during wet seasons. 


INTRODUCTION 


Irrigation the tropical regions Latin America increasing impor- 
tance. Theneed for more efficient agricultural production coupled with under- 
standing climatic factors has shown that production improvements can 
accomplished irrigation. Microclimates and dry seasons which limit pro- 
ductivity occur many areas having tremendous production potential. 

The irrigation developments the tropics the present time have been 
largely result necessity, but their success indicates that irrigated agri- 

culture only beginning develop there. 

The three countries reported here might considered introduction 
irrigation agriculture the tropics. The degree development, the ap- 
proach development, and the interestin development poten- 


Note.—Discussion open until extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. This paper part 
the copyrighted Journal the Irrigation and Drainage Division, Proceedings the 
American Society Civil Engineers, Vol. 86, No. September, 

Presented the October 1959 ASCE Convention Washington, 

Engr., Western Soil and Water Mgt. Research Branch, Soil and Water Con- 
servation Research Div., Agric. Research Service, Dept. Agric., Logan, Utah, 
formerly with United Fruit Honduras and the Dominican Republic and with Puerto 
Rico Agric. Experiment Irrig. Engr. 
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tial each the countries considerably different. This report intended 
describe the range conditions that exist. 


REPUBLIC HONDURAS 


The Republic Honduras the second largest country America. 
democratic and governed elected president. The people are Spanish 
and Indian, and Spanish the national language. The climate tropical and 
there are many heavy tropical jungles complete with all the typical jungle fauna. 
The lowlands are hot and humid, but the mountains have somewhat cooler, 
more agreeable climate. 

The land resources the country have undergone only limited development 
because problems which are least partially connected climate. Agri- 
culture practiced mostly individuals small scale. Typical farming 
done burning and clearing patch land during the dry season for one 
two seasons’ planting during the rainy season. The country still classi- 
fied woodland, wasteland. The remaining %is divided be- 
tween meadow and pastureland (1.4 and arable and orchard land (3.6%). 

The single most important agricultural crop Honduras and the most in- 
tensively cultivated one bananas. They are grown onabout 5.5 %of the culti- 
vated land, but they account for the total exports the country. Nearly 
12,000,000 stems fruitare shipped annually and the value the cropis about 
$35,000,000. 

Government activity the development irrigation projects Honduras 
has been quite limited. 1950, the FAO reported 50,000 acres irrigated 
land the country and showed irrigation projects under construction and 
none planned. These were primarily planted bananas. 1956, 
report lists 56,000 acres bananas and production 15,500 tons 
rice. The rice grown Hondurasis mostly the upland variety which does 
not require irrigation; therefore, the 56,000 acres listed for bananas very 
nearly the irrigated acreage that year. 

Irrigation bananas the hot humid tropics sound like somewhat 
anomaly but there little difference between irrigation there and irrigation 
our own humid areas. Twenty-six years records the Buena Vista farm 
show maximum annual rainfall in. Monthly rainfall variesfrom mini- 
mum zero thedry maximum in. the wet season(Table 
1). Sixty inches sounds like lot rain, but when the time distribution ex- 
amined and cognizance given the fact growing season, the need 
forirrigationis immediately apparent, indicated Table The wet season 
the banana areas begins and lasts through December, butdur- 
ing these months irrigation sometimes required. Irrigation done the 
basis experience and judgment. Although some research has been done 
consumptive use and controlled irrigation, the evapotranspiration needs ba- 
nanas not precisely known. Bananas have 11- 12-month growth cycle 
and require adequate moisture and drainage during all that period produce 
good fruit continuously. 

The pioneer banana irrigation the tropics has been the United Fruit 
Company Boston. irrigation and drainage they have effectively reclaimed 
many thousands acres jungle-covered wasteland for successful banana pro- 


ing success. 
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Most their banana irrigationis means overhead sprinklers, but there 
also some acreage irrigated undertree sprinklers, borders, and wild flood- 
ing. The overhead sprinklers they use were developed their own research 

department. The sprinkler heads operate psi pressure and are mounted 
4-in. riser pipes high, spaced 400 apartinatriangular pattern. They 
each gpm and small turbine and gear arrange- 
ment rotates the sprinkler. 

The gross water application for various irrigation methods United Fruit 
farms 8.3 in. per week for wild flooding, 5.6 in. per week for basins, 2.0 in. 
per week for overhead sprinklers, in. per weekfor undertree sprinklers. 

This gives interesting comparison between the efficiency their various 
irrigation systems, since the consumptive use the plants should nearly 
the same regardless the method water application. 


TABLE 1.—MONTHLY RAINFALL 1922-1948, BUENA VISTA 
FARM, REPUBLIC HONDURAS 


Month 


Mean Minimum Maximum 
(1) (4) (5) 
January 0.57 13.11 
February 10.98 
March 0.04 7.35 
April 0.77 0.00 7.05 
May 3.11 0.10 8.70 
June 5.35 0.00 12.69 
July 6.56 2.44 
August 5.7 5.31 2.60 
September 6.92 7.93 14,36 
October 7.02 14,27 
December 5.59 5.67 


Annual 


Half the years record show greater less rainfall. 


the tropics, elsewhere, irrigation and drainage must coexistent 
Experience has shown that drains 5.5 6.5 deep with 2-ft bottom and 
side slopes 250-ft centers are necessary for sustained banana produc- 


tion. These are designed with 2.4-in. runoff quick water removal 
the wet season and undoubtedly provide important subsoil drainage during 
the irrigation season. 
Irrigation agriculture the tropics just beginning. Until very recently 
the technology control the unusual tropical conditions has not been available. 
New developments including heavy equipment for land clearing and rapid land 
preparation and new herbicides, insecticides, and fungicides should open new 
era food production tropical countries. Engineers are generally aware 
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that present world food surpluses are temporary and localized and that new 
land development will needed. Irrigation tropical lands new frontier 
which needs increased attention. 


DOMINICAN REPUBLIC 


The Dominican Republic important Carribean country located the 
greater Antilles Islands. Its heritage and the language spoken Spanish. 
has interesting history and many tangible reminders the past including 
the remains Columbus, the oldest cathedralin the western hemisphere (com- 
pleted 1540), and the restored castle Don Diego, son Columbus. 

The first settler arrived 1496 and development the island’s resources 
has been continuous ever since. Progress inirrigationdevelopmentis perhaps 
the most spectacular any the Latin American countries and has mainly 
taken place recent years. The island very mountainous, approximately 
the land area being classified forest, woodland, wasteland. Fifteen 
arable and orchard land and meadow pasture land. 

Sugar, coffee, cocoa, tobacco, and bananas are the principal export crops 
grown the Dominican Republic. Rice important domestically and most 
the irrigation projects have been developed for rice growing. Bananas are ir- 
rigated northcoast and thereis sugarcane plantations. 

The island has wide variety climatic conditions. These are due 
graphy which affects temperatures, wind, and rainfall. More than the 
country classified arid, which may account for the extensive irrigation 
developments. Annual rainfall varies from in. the south 100 in. the 
central mountains. The month minimum rainfall (March) delivers about 
in. most the island. The wettest month (May) leaves in. The 
average the coastal regionsis about 77°F with only plus 
minus 10° extreme variation during the year. The year long uniformity 
day length characteristic this latitude, plus favorable growing temperature 
months the year and the accompanying long /eriods low rainfall, make 
irrigation essential for full production many crops. Fig. shows lines 
equal annual millimeters. 

Modern history the Dominican Republic dated from 1930 when General- 
issimo Rafael Leonidas Trujillo Molina came power. The government since 
then has been actively engaged irrigation development. Agriculture the 
principal resource the Dominican Republic and exploitation that resource 
requires irrigation. The present government has apparently recognized this 
fact. 

1930 7,500 acres landirrigated under government pro- 
jects. 1942 the total had grown 37,500 acres and additional 32,000 
private canals. the end 1944, the total area 
for canals completed was 85,000 acres. The data available the end 1945 
for canals completed, those under construction, planned enlargements, and new 
areas under study, totaled 221,000 acres. The area under government irriga- 
tion projects 1959 has reached 380,000 acres. The rapid growth irriga- 
tion project development which began during World War has continued 
present time. 

The acreages reported are those given the project designs. The actual 
irrigated area normally somewhat less. 1944, for example, the 
total area the projects was irrigated, although one canal reported irrigating 
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107 its design area. data are available actual irrigated acreage 
1959. 

The Dominican Government interested new irrigation projects. has 
effected the past development with its own resources and have built some un- 
usual and economical projects. Most the canals are unlined and divert water 
directly from the rivers. Their capacities vary from cfs 425 cfs, with 
average cfs. 

The controlstructures are made are conventional with afew 
exceptions. The stepped drop the Nizao lateral the Marcos 
Cabral Canal and the flume the Presidente Trujillo Canal are examples 
unusual structures. Most the flumes, dividers, spillways, and gates are 
rather simple design. some the flumes, leather was used cover the 
open expansion joints left between the cast sections. Fig. shows the stepped 
drop the Marcos Cabral canal, and Fig. shows the Presidente 
Trujillo Canal. 

taking advantage favorable natural conditions, the Dominican Govern- 
ment, according data provided the Secretary State Agriculture, has 
been able develop 380,000 acres irrigation projects average cost 
only $72.00 per acre. When the 12-month growing season considered, this 
cost per acre very low. Future developments will probably more expen- 
sive, requiring dams, reservoirs, desilting works, and other requirements. 
addition, the present time, there some interference and competition for 
water streams which have developed diversions exceeding their minimum 
flows. 

The present status plans the Dominican Government for multi-purpose 
project development unknown. does, however, have some potential for 
hydroelectric installations which would take advantage energy now being 
wasted. 

Thereis also room forimprovementin the efficient use irrigation water, 
there all countries. Analysis canal capacities and actual irrigated 
areas indicates variation from 4.4 acres acres irrigated for each 
cfs canal capacity. Better management water could bring these projects 
their full design acreages. The extent drainage problems associated 
with the reported irrigation projects and this may have bear- 
ing the reduced project acreages below those designed. 

Full development the irrigated agriculture potential the Dominican 
Republic will depend the interest the government and the education 
the people take full advantage modern agricultural advances. 


PUERTO RICO 


Puerto Rico, anisland located the West Indies, part the United States 
having commonwealth status. about 110 miles long and averages about 
miles width. The total area 3,435 miles. The center the island 
very mountainous with the highest peak rising nearly 4,400 ft. The coast- 
line consists principally narrow fertile plain which slopes upward toward 
the mountains. The climate ranges from tropical subtropical and the rain- 
fall varies from in. 200 ins. annually depending location, with these ex- 
tremes being only miles apart. Within this small area, there are 115 soil 
series with 325 types and phases. 
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FIG, 3.—FLUME THE PRESIDENTE TRUJILLO CANAL 
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The majority Puerto Ricans are Spanish descent with more be- 
ing Negro and mixed bloods. Spanish the language spoken commonly, but 
many the people speak English. Puerto Ricans have full United States citizen- 
ship rights and migrate freely and from the United States. 

The economy Puerto Rico based agriculture because other 
natural resources, but recently there has been industrialization program 
Bootstrap”) encouraged tax exemption incentives which 
improve employment conditions. Sugar cane the principal crop and 
the crop grown most the irrigated acreage. 

spite mountainous interior, only %of the island classified 
forest, woodland, and wasteland. Forty-five %is arable and orchard land, and 
%is permanent meadow and pasture. the land cultivated very 
steep slopes which are unfavorable irrigation development. 

The first irrigation Puerto Rico was developed the dry south coast 
while theisland was still under Spanish domination. Here the quantity and dis- 
tribution rainfall are insufficient for sugarcane production the otherwise 
excellent soils. the middle the 1800’s, the Spanish Crown had granted 
water rights for irrigation some the landholders. The present govern- 
ment has recognized these rights, andirrigation under them has been practiced 
continuously. 

The development irrigation projects the Insular Government began 
1909 and has continued time. This development closely parallels 
the reclamation land irrigation western United States which began 
1902. present, there are about 65,000 acres land under irrigation the 
south and northwest coasts. With approximately 770,000 acres total cropland 


the island means that less than the agricultural cropland irri- 
gated. 


IRRIGATION PROJECTS 


The three principal irrigation projects the island which have been spon- 
sored the Puerto Rican Government are: 


The South Coast Irrigation District 
The Isabela Irrigation Service 
The Southwestern Puerto Rico Project 


The latter project still under development. 

The South Coast Irrigation District was the first the three gov- 
ernment projects. area 33,000 acres irrigated gravity flow from 
storage reservoirs and additional 18,000 acres irrigated pumps and 
wells. 

The water allotment fixed the Public Irrigation Law acre per 
acre per yr, delivered continuously and uniformly. This quantity water has 
proved adequate supplement rainfall most farms. Where exceptionally 
permeable soils are found, farmers have drilled increase their supply. 
The farms the district pay rate about $15.00 per acre per for water 
slightly less per acre ft. Irrigation this area has been respon- 
sible for increase 400 sugar production since the project was com- 
pleted 1914. 

The Isabela Irrigation Service the northwest corner the island was the 
second irrigation development sponsored the government. was origin- 
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ally designed irrigate 18,000 acres, But porous canal sinkholes have 
reduced the size the project only 8,300 acres actually under irrigation. 
Incontrast the southcoast project whichdelivers water largefarms, more 
than 600 the 780 farms served the Isabela canal are acres less 
size. About the acreage irrigated sugar cane with the remainder 
cotton, corn, tobacco and vegetables. 

Water charges this area are $0.70 per acre for farms acres 
less and per acre for farms the chargedepending onfarm 
size. Additional water above the 1.5 acre per acre allotment available 
$2.00 per acre ft. spite the low water charges there not much inter- 
est local farmers using the irrigation water available. 

Reducing the irrigated area from 18,000 8,000 acres imposed such 
financial burden the irrigation phase the project that additional power fa- 
cilities had developed meet the repayment schedule. 

The Southwestern Puerto Rico Project presently under development. 
multi-purpose undertaking which has usual facets, 
including diversion water from one watershed another. Although small 
some standards (26,000 irrigated acres) will, when completed, increase the 
irrigated area Puerto Rico 35%. The Lajas Valley, which the project 
located, the southwest corner the island which receives average 
about in. rainfall. The minimum recorded rainfall in. and there 
are number years with less than in. Fig shows map the Lajas 
Valley project. Thevalley from miles wide with hydrologic conditions 
such thatcactus and mesquite grow one side while sugar cane grows without 
irrigation the other side. 

The water storage and hydroelectric phases the project are almost com- 
plete and considerable drainage been done. The valley has some seri- 
ous drainage problems which include saline and alkaline soils low permea- 
bility over artesian aquifer. More than %of the canals and distribution 
laterals have been constructed. These aredesigned carry acreft per acre 
per each farm continuous and uniform flow rate. 

Although only three years have passed since the first water was delivered 
the project, and spite the fact that less than the area receiv- 
ing water, the agricultural income the valley has increased from $2,000,000 
$4,000,000 per yr. 

far the principal crop planted project lands has been sugar cane, but 
this valley offers almost unlimited possibilities for diversification. Specialty 
crops for United States markets during the winter months are attractive pos- 
sibilities. Cantaloupes grown there onan experimental basis retailed for $1.25 
each the New York market December. 


NEW AREA POSSIBILITIES 


addition the water supply for the 85,000 acres now developed irri- 
gation projects, there sufficient unregulated minimum flow rivers running 
into the sea irrigate additional 36,000 acres. Storage and multipurpose 
projects might expand this still further. Undeveloped hydroelectric power from 
these same rivers amounts more thanabillion kilowatt hours annually. The 
Puerto Rico Water Resources Authority, agency similar the United States 
Bureau Reclamation, presently studying some these possibilities. 
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the next few years there will likely upsurge interest inirrigation 
the higher the island. High annual rainfall does not elimin- 
ate dry seasons and dry spells during which irrigation can show tremendous 
returns. Sprinkler irrigation pastures and specialized crops has already 
begun limited extent. 


GENERAL AGRICULTURAL PROBLEMS 


important deterrent the development irrigation general scale 
Puerto Rico the lack individual farmer interest diversification 
agriculture. Sugar dominant, and continues grow and produce during dry 
periods when more intensive crops require irrigation and considerable other 
attention. Sugar cane can left alone for months the year most 
areas with labor cultivation being required. Diversification agricul- 
ture might require radical changes the whole social structure society 
which has developed sugar cane economy. 

The Soil Conservation Service has the whole island organized into districts 
and providing excellent assistance the farmers. The University Puerto 
Rico has fully organized Extension Service and excellent Agricultural Ex- 
system whichis providing information and educationfor agri- 


cultural improvement. These agencies are performing very important func- 
tion the island. 


EMBASSADORIAL ROLE PUERTO RICO 


Puerto Rico enjoys unique position United States-Latin American re- 
lations. one the most advanced Latin American countries and operates 
ashowcase American ways where about America 
their own language, shown them people like themselves, with the same 
cultural background. visitor from South America the United States who 
has stopped first Puerto Rico more able appreciate what sees here. 
American agricultural technology under our particular conditions 
and not alwaysdirectly applicablein other countries. Adaptations and modi- 
fications this technology Puerto Rico may assist its quick acceptance 
other tropical countries. 


CONCLUSIONS 


Irrigation agriculture Latin-American countries needs technological guid- 
ance utilize the potential unusual tropical conditions. Non-uniform annual 
distribution rainfall combined with good soils and month growing sea- 
son favor high level agricultural development. Supplemental irrigation, 
coupled with drainage excess rainfall during wet seasons one the keys 
successful development. Education farmers and landowners the ac- 
ceptance modern technology another important key. variety experi- 
ence from these three representative countries available which proves that 


irrigationin the tropics can raise agricultural production with bene- 
ficial results. 
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DISCUSSION 


Note.—This paper part the copyrighted Journal the Irrigation and Drainage 
Division, Proceedings the American Society Civil Engineers, Vol. 86, Sep- 
tember, 
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LABORATORY RESEARCH INTERCEPTOR 


ROBINSON,! ASCE.—The number discussions that were 
pared the original paper was very gratifying. some extent these discus- 
indicate the need for expanded program research the field 
subsurface drainage. has been the writer’s experience that there tre- 
mendous gap between the theoretical knowledge and that which being applied 
solve field drainage problems. The study which was reported inthe original 
paper was attempt bridge this gap one selected phase the problem. 

Subsurface drainage phenomenon which very complex and each situa- 
tion different some respect from every other situation. Soil variability, 
both texture and profile, probably the most predominant factor. Many 
variations hydraulic conductivity for soils similar texture but with dif- 
ferent structural characteristics are common. conductivity also 
may vary with moisture content. Flow the zone partial saturation very 
complex and has not received adequate treatment. Many studies, both labora- 
tory and field, have been made flow below the water table, that fully satu- 
rated. order reduce the number variables, many cases laboratory 
studies have been idealizedtothe point questionable adaptation. The results 
from many field evaluations are inconclusive because numerous unmeasured 
variables were not considered. 

The discussions have pointed out several areas which this model study 
was limited deficient. Messrs. van Schilfgaarde and Bouwer indicated the 
importance flow above the water table. They point out that the amount 
flow this region partial saturation may appreciable. this study the 
material was very coarse that the so-called capillary fringe was approxi- 
mately 1.5 in. height. The amount flow this zone was undoubtedly in- 
Significant. certainly true that flow the zone partial saturation 
important drainage considerations and has received little attention froma 
research standpoint. 

Maasland, Sutton, Donnan, Nelson, and Long each point out the importance 
the shape water table downstream from the drain. This portion the 
water table was arbitrarily fixed inthe study that was reported. Nelson pointed 
out the relationship the downstream conditiontothe upstream one. shows 
that the downstream water table the model study was always set toa smal- 
ler depththan should have been. result, the upstream water table would 


September, 1959, Jack Keller and Robinson, contribution from the Soil 
and Water Conservation Research Div., Agric, Research Service, Dept. Agric., 
and Colorado Agric, Experiment Fort Collins, Colo. 

Agric, Western Soil and Water Mgt. Research Branch, Dept. Agric., 
Research Service, Soil and Water Conservation Research Div., and Colorado 
Agric, Experiment Fort Collins, 
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lowered from that which was observed. This condition would also cause the 
drain intercept less the flow than would have otherwise been removed un- 
der the natural condition. Possibly the most pressing need for further drain- 
age research the area downslope from the interceptor drain. 

was pointed out Maasland and Long that the problem has been simpli- 
fied the steady state one. According Massland, solution steady state 
flow problems inadequate for most practical problems. the author’s 
observationthatthe steady state solution only one used for prac- 
tical problems. general rule, the solutionfor the transient state becomes 
involved that rarely ever used for the field situation. This unfortu- 
nate since the steady state assumption one which rarely exists. Longstates 
that the common situation one where there local accretion, usually from 
irrigation, well flow from outside source. states that was un- 
fortunate that the effect this local accretion was not evaluated inthe report- 
study. certainly true that this effect should have been evaluated al- 
though the model study was not intended general study drainage but was 
include only one selected phase. Maasland states that exact equation can 
obtained for the which effect both the sloping im- 
pervious layer and surface applied recharge. Maasland this solu- 
tion not yet available but can easily obtained. 

Mr. Maasland seemed highly disturbed that considerable amount 
information, from which quotes, was not used for background material for 
the study. also states that neither the basic differential equation nor the 
formula reported Donnan (1) and used this paper Eq. were new 
recent date. recognized those trained the field flow porous 
media that the developments Boussinesq and Forchheimer were made. The 
so-called Glover formula (Eq. 10) was derived independently Glover from 
heat flow analogies and being used for interceptor drain design. should 
re-emphasized that the reported study was not meant tobe general thesis 
the entire field interceptor drainage but was only intended encompass 
certain portions the problem. Mr. Maasland was correct pointing out that 
the reported hydraulic conductivity the material seemed very low. This 
conductivity should have been given 0.038 per sec. 

Mr. Donnan points out some the developments that led initiation the 
study. The recognition needforthe study well some the preliminary 
planning was made Mr. Donnan. points out that there should more 
emphasis drainage research conducted large tilting flumes. The author 
agrees that there are many phases which can studied large tank. The 
large model gives scaled physical picture the problem which makes the 
electrical analog especially adapted for studies this type. Data can 
collected, using analog, much less expense and ina shorter time. The 
accuracy the data should good better than when using the large 
equipment. stated Mr. Bouwer, the resistance network analog affords 
Simultaneous solution flow above, well below, the water table. 

Two significant developments van Schilfgaarde and Nelson are note. 
Mr. Nelson’s starts with the basic equation and gives the boundary conditions. 
From these equations selects the dimensionless 
describe the flow system. This terms inspectional analysis contrast 
dimensional analysis, which was used the original paper. Using this pro- 
cedure, the geometry the downstream water table was included the prob- 
lem. Mr. van Schilfgaarde rearranged the original Eq. into dimensionless 
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form, which yielded his Eq. From this, obtained Fig. which more 
usable solution than that obtained from Fig. the original paper. 

From the comments Mr. van Schilfgaarde relative the introduction 
H', explanation needed. the original derivation Eq. was evi- 
dently not recognized that certain cases the flow the system would not 
constant before andafter drain installation. Inthe case ofa system where there 
increase was needed that would original depth, 
plus some additional depth compensate for the energy the 
system. The sum these two was given the term, H', not confuse the 
original depth flow 

The computational aid for the solution Eq. 11, which was prepared Mr. 
Nelson very commendable. This will allow rapid solution the equation 
for either shape the drawdown curve flux. 

Mr. van Schilfgaarde stated that the author’s data substantiate the assump- 
tions underlying their theory and that therefore one should not hesitate use 
the theory freely for solution problems within the limitations this study. 
This statement certainly true and the major limitations should repeated. 
The conditions were; (1) sloping, impermeable boundary existed some 
measurable distance below the water table, (2) defined source existed 
some determined distance from the drain location, and (3) source that was 


constant elevation and able supply additional flow needed satisfy the 
system. 
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PROCEEDINGS PAPERS 


The technical papers published in the past year are identified by number below. Technical-division 
sponsorship is indicated by an abbreviationat the end of each Paper Number, the symbols referring to: Air 
Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics (EM), Highway (HW), Hy- 
draulics (HY), and Drainage (IR), Pipeline (PL), Power (PO), Sanitary Engineering (SA), 
Mechanics and Foundations (SM), (ST), Surveying and Mapping (SU), and Waterways Harbors 
(WW), divisions. Papers sponsored by the Department of Conditions of Practice are identified by the sym- 
bols (PP). For titles and order coupons, refer to the appropriate issue of “Civil Engineering.” Beginning 
with Volume 82 (January 1956) papers were published in Journals of the various Technical Divisions. To 
locate papers in the Journals, the symbols after the paper number are followed by a numeral designating 
the issue of a particular Journal in which the paper appeared. For example, Paper 2270 is identified as 
2270(ST9) which indicates that the paper is contained in the ninth issue of the Journal of the Structural 
Division during 1959. 


VOLUME 85 (1959) 


(SM5), 2219(ST8), 2220(EM4), 2222(ST8), 2223 
(PL3). 

NOVEMBER: 2241(HY11), 2243(HY11), 2244(HY11), 2246(SA6), 2247( 

DECEMBER: 2272(CP2), 2273(HW4), 2275(HW4), 2276(HW4), 2277(HW4), 2278 


VOLUME 86 (1960) 


JANUARY; 2331(EM1), 2332(EM1), 2333(EM1), 2334(EM1), 2335(HY1), 2336(HY1), 2337(EM1), 2338(EM1), 
2339(HY1), 2340(H'Y1), 2341(SA1), 2342(EM1), 2343(SAl), 2344(ST1), 2345(ST1), 2346(ST1), 2347(ST1), 
2348(EM1)©, 2349(HY1)©, 2350(ST1), 2351(ST1), 2352(SA1)©, 2353(ST1)©, 2354(ST1). 

FEBRUARY: 2355(CO1), 2356(CO1), 2357(CO1), 2358(CO1), 2359(CO1), 2360(CO1), 2361(POi), 2362(HY2), 
2363(ST2), 2364(HY2), 2365(SU1), 2366({HY2), 2367(SU1), 2368(SM1), 2369(HY2), 2370(SU1), 2371(HY2), 
237. ({PO1), 2373(SM1), 2374(HY2), 2375(PO1), 2376(HY2), 2377(CO1)°, 2378(SU1), 2379(SU1), 2380(SU1), 
2364(HY2)°, 2382(ST2), 2383(SU1), 2384(ST2), 2385(SU1)©, 2386(SU1), 2387(SU1), 2388(SU1), 2 

MARCH: 2393(IR1), 2394(IR1), 2395(1R1), 2396(IR1), 2397(IR1), 2399(IR1), 2400(IR1), 2401(IR1), 
2402(IR1), 2403(IR1), 2404(IR1), 2405(IR1), 2406(1R1), 2407(SA2), 2408(SA2), 2409(H YS), 2410(ST3), 2411 
(SA2), 2412(HW1), 2413(WW1), 2414(WW1), 2415(HY3), 2416(HW1), 2417(HW3). 2418(HWLS, 2419; WW1)°, 
2420(WW1), 2421(WW1), 2422(WW1), 2423(WW1), 2424(SA2), 2425(SA2)©, 2426(HY3)©, 2427(ST3)°. 

APRIL: 2428(ST4), 2429(HY4), 2430(PO2), 2431(SM2), 2432(PO2), 2433(ST4), 2434(EM2), 2435(P02), 2436 
(ST4), 2437(ST4), 2438(HY4), 2439(EM2), 2440(EM2), 2441(ST4), 2442(SM2), 2443(HY4), 2444(ST4), 2445 
(EM2), 2446(ST4), 2447(BM2), 2448(SM2), 2449(HY4), 2450(ST4), 2451(HY4), 2452(HY4), 2453(EM2), 2454 
(EM2), 2455(EM2)°. 2456(H Y4)¢, 2457(PO2)*, 2458(ST4)¢. 2459(SM2)¢. 

MAY: 2460(AT1), 2461(ST5), 2462(AT1), 2463(AT1), 2464(CP1), 2465(CP1), 2466(AT1), 2467(AT1), 2468(SA3), 
2469(HY5), 2470(ST5), 2471(SA3), 2472(SA3), 2473(ST5), 2474(SA3), 2475(STS), 2476(SA3), 2477(ST5), 2478 
(HY5), 2479(SA3), 2480(ST5), 2481(SA3), 2482(CO2), 2483(CO2), 2484(HY5), 2485(HY5), 2486(AT1)C, 2487 
(CP1)°, 2488(CO2)°, 2489(HY5)°, 2490(SA3)°, 2491(ST5S)©, 2492(CP1), 2493(C02). 

TUNE: 2494(IR2), 2495(IR2), 2496(ST6), 2497(EM3), 2498(EM3), 2499(EM3), 2500(EM3), 2501(SM3), 2502 
(EM3), 2503(PO3), 2504(WW2), 2505(EM3), 2506(HY6), 2507(WW2), 2508(PO3), 2608(ST6), 2510(EM3), 2511 
(EM3), 2512(ST6), 2513(HW2), 2514(HY6), 2515( POS), 2516(EM3), 2517(WW2), 2518(WW2), 2519(EM3), 2520 
(PO3), 2521(HY6), 2522(SM3), 2523(ST6), 2524(HY6), 2525(HYS), 2526(HY6), 2527(1R2), 2528(ST6), 2529 
(HW2), 2530(IR2), 2531(HY6), 2532(EM3)°, 2533(HW2)°, 2534(WW2), 2535(HY6)¢, 2536(1R2)¢, 2537/ POS)°, 
2538(SM3)©, 2539(ST6)°, 2540(wWw2)c. 

JULY: 2541(ST7), 2542(ST7), 254(SA4), 2545(/ST7), 2546(HY7), 2547(ST7), 2548(SU2). 
2550(SU2}, 255(HY7), 2552(ST7), 2553(SU2), 2554(SA4), 2555(ST7), 2556(SA4), 2557(SA4), 
2559(ST7), 2560(SU2)°, 2561(SA4)°, 2562(HY7)°, 2563(ST7)¢. 

AUGUST: 2564(SM4), 2565(EM4), 2566(ST8), 2567(EM4), 2568(PO4), 2569( PO4), 2570(HY8), 2571(E M4), 
2572(M4), 2573(EM4), 2574(Sm4), 2575(Em4), 2576(EM4), 2577(HY8), 2578(EM4), 2579(PO4), 2580 
(EM4), 2581(ST8), 2582(STB), 2583(EM4)°, 2584(PO4)¢, 2585(sTS)°, 2587(HYB)¢, 

SEPTEMBER: 2588(IR3), 2589(IR3), 2590(WW3) , 2591(1R3) , 2592(HW3), 2593(IR3), 2594(9R3), 2595(1R3), 2596 
(HW3), 2597(WW3), 2598(IR3), £599(WW3), 2600(WW3), 2601(WW3), 2602(WW3), 2603(WW!i), 2604(HW3), 
2605(SA5), 2606(WW3), 2607(SA5), 2608(ST9), 2609(SA5)°, 2610(IR3), 2611(WW3)°, 2612(ST9)°, 2613(1R3)° 
2614(HW3)°. 

¢. Discussion of several papers, grouped by divisions. 
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DIVISION ACTIVITIES 


IRRIGATION AND DRAINAGE DIVISION 


Proceedings the American Society Civil Engineers 


NEWS 


September, 1960 


PURPOSE: (From the ASCE Official 


“To promote advancement thought and practice the field 
clarify fundamental principles, disseminate knowledge current 
practice and the results obtained therefrom and bring about closer 
acquaintance those engaged irrigation and drainage engineering. 
The field work the Irrigation and Drainage Division includes all 
engineering concerned with the application water land the re- 
moval water therefrom and all the technical, economic, and so- 
cial aspects the association engineering with these problems. 

brief, covers all phases irrigation, drainage, and reclamation 
lands.” 


Division Officers (Until October, 1960) 


John Bliss, Chairman 
125 Castillo St., Santa Fe, 
Kenneth Volk, Vice-Chairman 
7024 Melrose Avenue, Los Angeles 38, Calif. 
William Donnan, Secretary 
Box 629, Pomona, Calif. 
Prof. Christensen, (Cornell University) 
412 Haushaw Road, Ithaca, New York 
Herbert Prater, (Bureau Reclamation) 
2001 Madison St., Denver 10, Colo. 
John Rinne, Contact member from Board Direction 
Van Tassel Lane, Orinda, Calif. 
Carl Wilder, Editor 
3223 Columbine St., Denver 10, Colo. 


CALENDAR COMING MEETINGS 


September 29-30, 1960. Nevada Water Conference, Carson City, Nevada. 
October 10-14, 1960. National Convention, ASCE. Hotel Statler, Boston, 
Mass. Irrigation and Drainage Division sessions. 


1960-30 part the copyrighted Journal the Irrigation and Drainage 
Division, Proceedings the American Society Civil Engineers, Vol. 86, No. 
September, 1960. 


Copyright 1960 the American Society Civil Engineers. 
1960-30--1 
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November 16-18, 1960. National Reclamation Association, Bakersfield Inn, 
Bakersfield, Calif. 

April 10-14, 1961. National Convention, ASCE, Phoenix, Ariz. Hotel West- 
ward Ho. The Irrigation and Drainage Division plans sponsor five half-day 
sessions part week-long coordinated program devoted water re- 
sources. This will constitute the Irrigation and Drainage Division technical 
conference for 1961. 

June 26-July 1961. 7th Congress, International Committee Large 
Dams, Rome, Italy. 

October 16-20, 1961. National Convention, ASCE, New York. Irrigation 
and Drainage Division Sessions. 

February 1962. National Convention, ASCE, Houston, Texas. 

May 1962. National Convention, ASCE, Omaha, Nebraska 

October 15-19, 1962. National Convention, ASCE, Detroit, Michigan. 

March 1963. National Convention, ASCE, Atlanta, Georgia. 

October 1963. National Convention, ASCE, San Francisco, Calif. 


The Irrigation and Drainage Division plans sponsor four half-day ses- 
sions the Houston, Omaha, Detroit and Atlanta conventions and six sessions 
the San Francisco convention. number general topics and specific 
papers already have been proposed for some these meetings; any further 
suggestions should sent Herbert Prater Paul Berg, Chairman and 
Vice-Chairman, respectively, the Committee Session Programs. 


* * * 


The Executive Committee the Division met Reno, Nevada, June and 
20, with all members present, plus contact member John Rinne the Board 
Direction, and Don Reynolds, Assistant the Secretary. The next 
meeting the Executive Committee tentatively scheduled for Denver, 
Colorado, November and 1960. The following were elected take office 
October 1960: Kenneth Volk, Chairman; Christensen, Vice- 
Chairman; Herbert Prater, Session Programs Chairman; Paul Berg, 
Session Programs Vice-Chairman; William Donnan, Secretary. 

Christensen and Prater were appointed study proposal that this division 
sponsor conference 1963 the general subject water resources, in- 
cluding such topics water supply, water shortages, and the growing crisis 
water resources. 

Robert Thomas reported for the Committee Ground Water. present- 
for review the Committee’s “Manual Ground Water Basin Management.” 
Early publication this material, possibly special issue the Division 
Journal, anticipated. The Executive Committee extended vote thanks 
Chairman Harvey Banks and members his committee for the excellent 
job they have done assembling the information for this manual, and 
aged the committee continue its work, possibly with new objective and 
some additional personnel. 

Davis and Boles were appointed corresponding members the 
task group Consumptive Use the Committee Water Conservation. 

The Executive Committee discussed its past attempts nominate someone 
for the Society research prize. Methods previously used select candidate 
for this prize have not had the desired results. The division Committee 
Research, Gerald Keesee, Chairman, was instructed consider candidates 
for nomination 1961, and present its recommendation the Executive 
Committee its next meeting. 
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The Committee Cooperation with Local Sections reported that has es- 
tablished relations with local section groups the Society. (Ed. note: Why 
can’t someone from those local sections let the Newsletter Editor know 
what they are 

Chairman Bliss and Contact Member Rinne reported the April 1960 
meeting the National Division Activities Committee. Some the subjects 
discussed were follows: 


The need for well planned programs. 

The matter being able get out news letters. (In the case our divi- 
sion, sent out news letter with each quarterly issue the Journal.) 

The need for strengthening, budget-wise, the technical activities the 
Society. 

The need for committee investigate the long-term objectives the 
Society whole. 

The need for more stringent rules regarding the acceptance papers for 
publication. 


The need for better preparation papers that they can included 
the Transactions. 


Formation Committee Droughts has been proposed. Suggested ob- 
jectives and possible studies, follows, were tentatively adopted: 


Objective: study the nature and occurrence cyclic and prolonged 
droughts and compile information the effect these droughts irriga- 
tion water supply, irrigation design and irrigation practices. 


(a) Frequency and distribution droughts 

(b) Effect water supplies 

(c) Effect irrigation project planning 

(d) Ways and means alleviate effects drought cycles 
(e) Droughts semi-arid areas 


(1) Implications and economics providing for irrigation systems 
used only intermittently 


This objective and possible program was tentatively adopted the Execu- 


tive Committee and the following members were proposed staff this com- 
mittee: 


Howard Critchlow, Chairman 
Walter Hofmann 

Leonard Halpenney 

Jerry Christenson 

Harry Potts 

Christensen 

Philip Mutz 

James Johnston 


Mr. Christensen was appointed Chairman Bliss contact the above 
proposed names attempt get this committee organized. 
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The Irrigation and Drainage Division the Colorado Section elected the 
following officers serve during the 1960-61 Society year: 


Chairman: Walter Ohlsen, Bureau Reclamation 
Vice-Chairman: Fred Houck, Engineering Consultants, Inc. 
Secretary-Treasurer: Ronald Blatchley, Tipton Kalmbach, Inc. 


* * * 


SENATE SELECT COMMITTEE NATIONAL WATER RESOURCES 


The committee held hearings October and November 1959 major 
cities the United States. Most these were the western states, but 
hearings also were held Philadelphia, Detroit and Fort Smith, Ark. With 
completion the public hearings the committee now evaluating the testi- 
mony. Many federal agencies together with some private organizations and 
the various states are cooperating with the committee this evaluation. 


Some the suggestions received from witnesses most the hearings 
included: 


Increase funds and liberalization the small watershed program. 

Increase grants for water pollution abatement. 

Establish federal loan program enable cities fully develop water 
supply sites. 

Increase all phases water resources development research. 

Establish natural resources council the White House and joint 
committee natural resources Congress. 

Give full consideration recreational benefits multiple-purpose 
river development. 


Give more consideration fish and wildlife conservation planning 
water resources projects. 


Transcripts the hearings and reports federal agencies working this 
problem are being published Committee Prints, under the general heading 
“Water Resources Activities the United States.” Interested engineers may 


obtain listing the available publications addressing the committee, 
Washington 25, 


WORLD-WIDE ABSTRACTING AND INDEXING SERVICES 


The Colorado State University Research Foundation Fort Collins, Colo- 
rado, U.S.A., recently received grant from the National Science Foundation 
for the purpose implementing and effecting world-wide comprehensive 
Abstracting and Indexing Service the field Soil and Water. The undertak- 
ing involves tremendous amount work and organization, well the de- 
velopment cooperative effort among many agencies. The CSURF will ex- 
plore all aspects determine the area coverage, source materials, 
availability abstractors and translators, codification, general classification 
headings and most important all, the types papers abstracted, 


well the kind abstracts that will most acceptable and useful. 
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world population increases, the demand for more food becomes more 
urgent and the two most basic requirements fertile soil and efficient use 
water will inevitably receive more attention. Investigators all over the world 
need know about significant contributions and discoveries their con- 
temporaries soon after publication possible. Many months, even 
years, unnecessary effort may avoided access up-to-date 
mation service. hoped that the proposed abstracting service will more 
adequately meet the needs investigators this all-important field soil 
and water. 

The CSURF office will welcome suggestions and ideas concerning any as- 
pect this undertaking, including offers serve abstractors, section edi- 
tors and/or translators. The cooperation all agencies related this field 
information will welcomed. 

Correspondence should addressed to: 


Soil and Water Abstracting and Indexing Project 
Colorado State University Research Foundation 
Fort Collins, Colorado, 


* 


NEW DIRECTORY AVAILABLE MEMBERS 


The 1960 Directory now available members request. The Directory 
lists the entire membership the Society, giving the membership grade, po- 
sition, and mailing address each. addition, there complete listing 
the Honorary Members, past and present, and the Life Members. useful 
geographical listing the members also included. 

goes without saying that the information contained the Directory 
value every member, and every member can obtain this valuable informa- 
tion. receive your free copy the Directory simply fill out the coupon 
below. Prompt delivery depends prompt return the coupon. 

The Society publishes the membership Directory every other year. The 
next edition will issued 1962. 


DIRECTORY 1960 


ASCE members are entitled receive, free charge, the 1960 ASCE Di- 
rectory. obtain the directory simply clip this coupon and mail to: Ameri- 
can Society Civil Engineers, West 39th Street, New York 18, 

Please make the mailing label legible—correct delivery depends you. 


Print Name 


Address 


City Zone State 
1960-Dir. 
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With this issue the Newsletter Editor gleefully lays down his trouble- 
some ball-point pen, hoping that some Society member more talented than 
will pick and use with untiring diligence. the time this appears 
print the undersigned expects relocated Los Angeles, California, 
Conservation Engineer for the Western Region the Portland Cement Associ- 
ation. His thanks are hereby extended all who have sent him “news” items. 
hopes that all members the Division will remember advise the new 
editor, Kenneth Kauffman, 902 East Street, McCook, Nebraska, news- 
worthy happenings their areas activity. It’s been pleasure serve 
you. revoir! 


Carl Wilder 
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